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THE ANATOMY AND mmmimr OF CERTALN CORDAITES LEAVES

Plinnto of the extinet gymnosperm genus O ordelites were very
prominent constituents of most Carbonifercus Age flores. They ere
of interest as one of the oldest known seed plants, with a fossil
Mstory extending bacik to.th. letter Devondaen Feriod, deting them
e;;tuporuy with the seed fernse The gemus m represents
o;o of the earliest known off-ghoots of the great oordui;hnn-
ﬁ;ipp)vurwdfor line, to which most of the rnnﬁt day gymno-
ié.i—-” belong. Cordaites became extremely ebundant end widely dis-
tl‘.lFl;-d over the world during the Upper Carboniferous Feriod, then
gradually uunisu in impertance but por-:.lltod through most of
the Permian Feriod. The verious Mesozoic e).uin_n once made for
_G%F’l_ﬂ_m heve been digputed by recent 1nn.t.1é-tor- (Florin, 1951),
end very 11!:.1; the gemus becewe extinct tsfnr«? the end of the
lv’;hu'oln‘tu- | '

Qgﬂﬂ}g plnntq were tall forest trees troqq;ntly resch-
hﬁ e helght o.!' 30 notcr:, with slender tn{nk‘g rising upward for a
co'!'uuonbh, distance before giving rise to‘n erown of branches bear-
tni spirally arrenged, sessile leaves. Th; root system consisted of
hx;mhtng, horizeontally extending erms. The pinnt. were monceciocus
vﬁh the staminste eand eml:‘h ntn‘ili borne laterally on separate
short branches. 7

The leaves of Cordeites are found abundently es fossilized
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impressions, compressiocns, and petrifections especially in Fennayl-
venian Age strata. Most of the early texonomic work sttempted the
speciation of the impression snd compression leafl materiel on the
basls of external form end ribbing patiterns, and s vast mmber of
specific nemes were instituted. Releatively few cordsitesn leaf
species have been deseribed in terms of thelr internal structure,

a situstion whlch Reed and 3andoe (1991) mscribed to en spperent
enatomical urifermity of the leaves in petrifectionss Only a

very small number of cordelieen lesf lpﬁiol have had their epider-
mel structure determined. Both the external morpholegy and internel
anatomy of some species, suchk as C. principalis, G- lingulatus, end
C+ angulosostriatus, have been determined, but to the eutior's
knowledge only the study by Reed and Sardoe (1951) on . affinie
bas 'pnvioualy sttempted to actuslly corll'olntcEtln externel ribbing
and epidermal pettern of e species with the internal enateny.

There is congiderable uncerteinty at present regarding the
validity of meny of the described cordaitean leaf species recorded
in the litersture. lllr.‘w aotpre-uion species, especially tlhose from
Americs described by Lesquersux end Dawson, were established upon
7;17 fnpontau or poorly preserved material. 'rho slight varie~
tions in leef shepe and ribbing widch sometimes have been used as
distinguishing ipoehﬁon faturu Bey frqu&x;tly be merely a reflec~
tion of foliar polymorphiem or of varying stetes of fossil preserve-
tion. ﬂin is a need to relete the anstomically described specles
from petrifections with the form species described from impression

and compression materiel« A broasder combinstion of speciation



criteris eppeers to be necessary to eliminmate the present confusion
and delimit the truly valld species.

ﬂa’. ?nunt study wes an atiempt to ;d.‘l.a‘ further ineight into
the texonomie problems of cordeltean leaf speciation, by escerteining
and correluting the internal anstomy, the externsl morphology, and
the epldermal structure of certain cordaiteen leef species found in
Eensas and Tows cosl balls.

REVIEW OF LITERATURE
' Generic Nomenclsture and Clessificetion

anu now referred to —Mﬁ!& were or!.giully pleced in

tb genus ﬂgﬂ.; a by Sternberg in 1825, -b considered them re-
lltd.to the palms. Corde disproved th_l»n supposed rohtion.hlp to
the monocotyledons, and in 1850 Unger 1mit'.ut!d the new generic
neme of Oonlg tes, honoring Goﬁn" s work. Sub;equont imont;lgltors,
notably Gr,li‘mU (1877) end Remeult (1879), confirmed ‘I;h- gymno-
spers nature of Cordeites.

| The generic neme of Cordgites is primarily spplied es the
f‘o‘n genus o:!' the leaves, with the other izlgntf parts designated under
e variety of orgen generic nemes. lowever, l'n i‘t- brogd sense as the
erigin-l generic neme, _Q_ggl_g}gg should imludo the wiole plant once
th. nrlo\u parts have been correctly mssociated.

Pr-unt dey classification schemes place the genus Oordsites
in tho f-ily Gorddhmo, of the fossil orior Oordd.talu, whose
Olaﬂ’. nlnuonsup to ot.h.r annnn- 1- .uu uthr obscure,

but contemporary and perhaps of common origin vith the pteridosperms



(Haupt, 1953), end rather closely related to the Ginkgosles snd
Coniferales (Darrah, 1940).

Genersl External Morplolegy of Cordeitean Leaves

Cordaitesn leeves were simple, entire, end quite corisceous.
They were charscterized by close ?lﬂll'l venstion from bese to apex,
with the veins diclotomizing ineconspicuously et intervals to adjust
to different lemina widthse The distance between ad jacent veins
varied from species to speclea.

There was & great veristion in the size and shape of cordeit-
esn leaves, elthough most commonly they were long end brosdly linesr,
often reaching a meter in length. Oth;n were lanceoclate, spatulate,
or obovete in form, with scute, .m'n‘“, or obtuse spexes (Armold,
19*73. Often they were inrolled, possibly eccounting for the com-
mon imbricated condition found in foseils« Occasionally the spex
wes shredded. According to Dewson (1871) and Lasquereux (1878) the
leaves were generally attached to the stem by e brosd, inflated,
pemi-clesping base. . ‘

The subgeneric names of Bu-Cordaites, Dory-Gordasites, and
Fog-Coniaites, instituted by Orand'Bury (1877) end based upon exter-
nal leaf forma and ribbing petterns, are of ten used in glassifying
cordsitean leef specice of impression and compression material.
These sub-generic names serve s useful descriptive purpose, even
though it 1s recognized that they may have only limited texonomic
meaning (Jewerd, 1917). Eu-Cordaites, or the typicel Cordeites in
its more limited usage, referred to generslly large and relatively
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broad leaves of veried shepes, with obtuse or rounded apexes, and
feirly widely spaced equal or unequsl ribs. LUcry-Cordeites referred
to varicusly sized, nerrowly lanceclate, non-flesly leaves, with
pointed spexes and fine equal ribs. Poe-Cordsites referred to very
narrow, fleshy leaves, never exceeding 1 cm. in width, with obtuse
epexes and qnd unbrenched ribs.

Renault and Zeiller (1885) instituted another subgeneric
name, Scuto~Cordeites, 4o refer to some leaves with unequsl ribs,
round contracted bases, and nerrowly shredded distal peortions. The
additional subgeneric neme of Dictyo-Cordeites was originsted by
Dawson (1890) tc refer to some ribbon-like leeves with broad beses,
unevenly truncste spexes, and distinet acutely forked veins.

General Epidermal Stmc.turo of Cordeitean Leeves

Although the form end ribbing peatterns of cordeitean leaf
species bave received much attention in impressions end compressions,
e knowledge of their epidermel charecteriastics is rether mesger.

The leaf epidermis wes covered with e moderately tidek cuticle. The
epidermal celle were rectengulerly sheped, usually being several
times longer then broed, with rether thick streight wells, es seen
in superficial view. The cells were arrenged lengtiwise in regular
rows parallel to the veins, end sometimes bero.hin or papillae.

Cn the lower epidermis the stomate usually eppeared in def-
inite stomatiferous bands, whose reletive width varied in different
speciess The stomatal distribution witidn a stomstiferous bend

veried, but frequently they were borne in reguler stomatsl rows.
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The stomate were ovel~shaped and elongeted in e direection
parallel to the veins: The scmewhsat submerged guerd cells were sur-
rounded by 46 subgidiery cells, 2 of them polaer and attached to the
ends of the gusrd cells. Florin (1951) stated that the stometal
apparatus of Cordsites wes haplocheillc of the monoeyclic type, with
the stomal mother cells having diﬂd;l once to form .th. 2 guand cells,
and the perigene epidermal cells functioning directly as subsidiary
cells without dividing to form rediel rows of emcireling cells. The
subgidiery cells sometimes bore papillee or cuticuler ridges which
were useful in specific diagnosis.

Only Wills (1914) has reported stomata as being present on
the upper epidermis, indicating that they are few in rmumber, sm:aller
then on the lower epidemmis, arranged in rows parallel to the vene-
tion, and frequently surrounded by # subsidiery cells fomming a
thickened ring around the sunken guard cells. ¥Wille stated that the
upper epidermal cells were thicker welled than the lower, end that
eireular structures of unknown gigniﬁ.cmec were sometimes present.
Wiiteford (1916) also reported these circular openings to be present
in a supposed Cordsites leaf from Nebraske and suggested the possi-
bility of their having been hydetiodes.

General Internsl Angtomy of Cordeitesn Leeves

Although most cordaitean leef specles were basically rather
similer in thelir internal structure they differed somewhst in various
anatomical features. OSome species had well-differentiated palisade

and spongy mesophyll regions, while in others the mesophyll was more
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uniforms In most species thers was considersble lacumar tissue.

Well developed hypodermal masses of sclerotic tissue were
elmost inverisbly present, dbut thelr position and extent varied
considerably in different speciss. Sometimes the hypodermal fiber
strends were present only sbove snd below the veins, at other times
between the veins in variocus arrengements and smounts, and occesion-
ally in bande resching from one epidermis %o the other between the
velns.

The veing were usually enclosed by s well defined outer
sheath of thin walled cells. Early workers often interpreted a layer
of tracheid-like cells just within the outer sheeth in meny species
as en "inner sheath of primitive trensfusion tissue®. Stopes (1903)
considered tids "imner sheath” es developed from the centripetal
xylem, wiile Benson (1912) regarded it as probably s part of, or
derived from, the centrifugsl xylem. Sewerd (1917) questioned thet
tids "inner shenth" could really be distinguished from the true
xylem elements. »

Tha xylem has generslly been reported to be messrch, with
the central protoxylem elements giving rise to a prominent strand of
large centripetal trocheide sbove, and en irreguler crescent of nar-
rower centrifugel tracieids below. In sowe leaves, or perts of
leeves, the centrifugsl zyles remsined unicnlo.pod, Mndering the
detection of the mesarch protoxylem conditione The phloem, not
of'ten well preserved, was locsted below the centrifugel xylem.

The vasculer errengement veried scmewhst in the different
cordeitean lesf species that heve been snstomicelly described,



nithm;h in meny of the nuhm studied, tb‘a'pruerv-ticn was too
peor to allow for a very eccurate determinstion of the xylem and

phlo-' condition.
Oriteria for Species Determination

fﬂahhﬂod speciption st best is rether srbitrery, being
of necessity bssed entirely upen morphologicel eriteria, end compli-
ei't-d by Mh special problems ee fragmentery plm.p-rt- and fomsil=-
'h.tién chenges. These difficulties inherent 1; fossll epeciation
have led to the paleobotanicel practice of meinteining as distinet
form species esch morphological veriant encountered, until orgenie
connections heve verified their identity as the ssme species.

% The specific detemminstion of cordmitesn foli;ngo in impres-
cion and compresesion material has been based treditionslly upon leaf
ano gnd the arrengement of the course end fine ribs on the leaf
exterior. GSpecies have been distinguiehed upon differences in rib
frojuo‘my. the mmber and distinctness of intomotdhtc strime between
the mein ribs, and differences between the upper and lower surfaces.
fowever, it is realized that leafl shepe end ribbing sre rather vari-
able ohnci.r- upon which to base specistion, since foliar polymor-
pﬁ- wes probsbly not umo—on. end the rib frequency wes known to
vary in different leef perts, snd in lesves of different sizes and
eges. The presence of intermediets strise marking the locetion of
internal lclor\::uc bands was probably too dependent upon fossilize-
tion conditions to be & very relisble texonomic festure. Altbough

leaf width had been considered rather important, Feed snd Sendoe
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(1951) showed that the width of m cordaitesn loaf ms it eppeared on
e rock surfgce may be oalyggnc‘ﬂg-‘et the width of en originally
inrelled or imbricated leaf.

The use of ;nt:cml enatomy s muld }n potrlf-’j.iom
;9 an importent edditionsl texonmomic n:l!- An?.ﬁ?iul festures u-_d
in o_n'hiw leal specistion 10913'&. leaf tihickness, vein fre-
quency; the position and extent of the lypodersal sclerotic bands,
the degree of palisede end spongy mesoplyll differentiation, end the
vescular bundle arrsngement. Darrsh (1940) bas pointed out that ane-
tomicel studies do heve tsxonmomic limitstions since diff'erent lesf
portions mey have varied considersbly inm their degree of tlssue
development, meking it necessery to know from wileh leef part a mec-
tion wes zade. Tids danger was illustrated wien Bensen (1912) con=
pl,uld that 3 separste cordsitean leaf species esteblished by Felix
{1885) upon anetomical charscteristics, were in reality different
Apu'jhpr the seme leaf form« Anmother w‘png-urnnltftion results
from anatomicel differences between leaves of different sgea. This
letter probles wes approsched by Lignier (1913) who mede Hstologi-
oal studies upon & G. lingulatus bud showing the tipsue ontogeny
from very young to sdull leaves of the sane qpop__h_u In uaing
sngtomical criteris, it muet be reslized thst .vAortiu.‘_l compression
during the fossilizaticn process mey have uuidonbly distorted
th. leef thickness, the distence between the bundle if the leaf
were not in e lorizontal plame in the matrix (Reed and Sendee, 1951),
and perheps even the originel cell shepes (Welton, 1936).

The use of epldermel characters, especially of the stomatal



~10-

structure and arrengement, has opemed snother velupbla tsxomemic
epprosch. Florin (1931), after s study of the cuticles of both fos-
el] and living gymnosperms, concluded that epidermal and stomatal
festures in combinstion with ths usuel morphological approseh con-
stitute e complex of festures velueble in generic and specific deter-
minstion. Florin (1951) a;-hd th. epidermel structure of 3 cor-
daitean leaf species, and noted that they differed in their stometel
petierns, but unfortunstely he feiled to publish the identity of
those 5 species

Bpiderme] fenturees wideh have been considered of taxonomie
value with refersnce to cordaitean leaves were the relative width of
the stometifercus and nonstometiferous bands, the shape of the epi-
dermal cells in both bends, the stomatel errengement within s bend,
the arrangement end size of the subsidiery cells surrounding the
guard cells, the stometal frequency, and the presence of speciel
epidernmel structures such as heirs, papillee, or cuticular ridges.

1t 1s rocognized thet esch of the criteris widch have been
previously used to delixit cordeitean leaf species poosess individ-
uel linmitations, ceusing conglderasble taxenomlec confugion. Tils
problem wag reflected by Arnold (1941) when he steted thet "the
difficulties ettending the ldentificetion of cordeitean foliege ere
maginly responsible for the widespreed neglect ;f them on the part
of peleohboteniste®-

The most relisble approsch in the systemstics of cordsitean
leaves would appear to be the simultaneous use of as many different

specintion criteria as possible: This has been sttempted in the



pl'“t .mtmugh the £ cosl i:n pv(éﬁﬁonn um;‘gh can
" - “ml ribbing pa %huw Ssibony, Al the
epidemal Hotthure &8 tie {ﬁgm leafs Cosl balls are
u-uql. however, in .-ua- mnﬁg ﬂp cna-m length gc the
long eordeitesn zoav... N W

. I

Y, o %MMPmdcn Spodqp

Bﬂll of the ﬁrdnitoﬂ lesf *in wideh have been ducribul
Trom their gemeral shape and ribbing whm in. inprcniuiﬁ com=
prn-ion meteriel sre listed below, dq; very brief descriptive ac-
emtg of seversl of the wore dmw oness It ie unfortunste
tht meny of these compression quei.dn were either uhblilh.d upon
vay frnznentm or poorly preserved materisl, #t vere l-lllﬂ'oeuy
dmr&bod and ﬁgurcd in the Htent‘u. with m the lmﬁon of
tb early type lpui-ona frequently ukmnn. :

£+ boragsifoliug (3tbg.) Ung: (fig. 1-A) u. e widely die-
trﬂutod species of large cube-hneqohto luvuwuh obtuse and
cmnthnn slit apexes, reaching 60 cms in length by 4=10C cm. in
width end heving sltemrnately thick and thin ribs at a frequency of
50-70/em+ (Lesquereux, 1878). The American species of C. robbii
Daws. (fige. 2-4,B,0), wes referred togamm by Stopes
(1914). 7 - :
2+ (Dory-Cordultes) pelsnctorsts (Gospp-) ¥eiss (fig. 1-3)
was a common European specles of long lenceclate lesves messuring
about 10 x 80 ems, which tapered greduslly from broed middle portions

to ecute apexes, and hed 30-50 fine equel ribas/cm. (Seward, 1917).
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Fig. 1. Some cordaiteen compression leaf forms.
i-=C. borassifolius (Stbg-g Ungs X 0.1 (after Dawson, 1892).

B--C. pelmeefomis (Goepp.) Welss X C.1. C-=C. microstachys Gold.

X 1 (efter Kidston, 1902)« D--C. intemmedius Gr.'Bury X 0.2.

E--C. scutug Or.'Bury. F--C. folioletus Gr« Bury X 1. G--0. alloid-
_1_&_‘ Gr.' Bury. ==L n.fﬁni! Gr.'Zury (after Noret, 19“5).

I--C. oxn#llon. Gr-TBury X 1. J--O. quadretus Gr.'Bury. ¥--C. eir
cularis Gr-'Bury (efter Seward, 1917). L--C. cressinervis Feer, lesl
bese L 1 (after Arnold, 1949). M-=C. limearis Gr.'Bury X 0.5.

B==C. loncifoliug Scimelh. X 1 (after Sclmelhausen, 1887). 0--C. ter-
uifoliug Seimelh. X C.25 (efter Scimellsusen, 1287). (B,D-G,I1,Jd,

and ¥ aof ter Grand'Bury, 1877).
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G (os=Corduites) mierostachys Gold. (fig. 1-G) consisted

of VYery nsrrow lineer lﬂg then 1 cm. width but 4-30 em.

1 angthy qih e - diout 30 equal uby-. (Weiss,
1872). Seward (1917) qud.doul th‘ epecles of Q.M Gr'Bury
(ﬂ.‘c 1-M) end C» ¢ M_! 8.1-‘1 (ﬁ;u 1-0) pﬁhﬂ.y identicel
s g mnmm M
G+ crassinervip Meer (fig. 1-1) vas o. videspread leef specics

r-}yrtd from both Eurcpe and North Aud.u. characterized by extreme-
ly eoarge ribs thet were 1 mm+ broed end pbout 2 mm. epart with no
finer etrise between them (Armold, 1949). ’ |

2+ (Bosgzeratbiopsis) Higlopl (Bunbs) Sews (figi 3, 4-2-D)
uu; the common cordaitesn form of Lhe hutﬁnm hemi sphere, consist-
ing -:t' coargely ribbed, thick, cunsste 10:70.‘!5!1\111!3 about 5 x 50
u&, :fvhlc_h widened upward from narrow truncete bases to broedly
rod:ndod, dithﬂy oblifue spexess The uniform, Qlightly forked ribs
redisted greduslly from the basel aress The pn{nhd regions had e
rib frequency of 10/cm. compared with 20/cm. in the distal portions.
The ;buxinl epidermal pattemrn, ;l reported by Seward end Sehni (1920),
consieted of a reguler elternation of nonstomatiferous bends composed
of slongated epidermel cells bearing heire, wilh stomatiferous bends
composed of nesrly lpodiemetrical epldermel cells without heirs.
There ‘uu s stomatel frequency of 1‘00/-?, with 6-8 encountered across
the width of a band, although the stometa were not strictly srranged
in lengtiwise rows« L. (Hosggaraibis) saguelis (Goepp:) Sew. (fig.
b-%) and Q. (Bdplopsmites) goeppartd (Sclmalh.) Sew. (fig. 4F,@),
slthough referring to smeller spetulate leaves, have been identified
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Fige 2. Some cordeitesn compression leef forms end rib-
bing patterng: 4--C. robbii Dews. X 0.2 (efter Dawson, 1871).
B--C. robbii X 4 {after Dewson, 1871). C--C. robbii X 4 (after
Stope:, 1915) . D--C. communig Lesg. X 0.2 Tefter wiite, 1899).
E--C. communig X 6+ F--C. costatus Lesg: X 8. G--C. costatus
X 0-5 Bl s diveroifollul Lesq. X 10. I-=0+ divergifolius
X 0. '‘JaC. gracilis Lesqs X 0.5. E==C. rracills x! 5
L--C. mengfieldi Lesq+ X &« N--C. mensfieldi X O.35. N--C. vali-
du. Lesg . upper leaf surfece X 10. C==C. validus lower leaf sur-

Tace X 10, F--G. locoei Lesg. X 1 {after Seward, 1917).
--U. serpens htq- » B=C. glerei Zal. X 05 (efter Seward,
1917}« 8--C. comptus Zsl. X 0.5 (after Zalessky, 1934). (&KX,

and O after l-nquorm, 1878. F=J,L,N, and § after Lesquereux,
1979)
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by Zalessky (1912) with C. biglopis There has been considersble

hesitstion on the part of wlh to identify this spe-
cles as Uordsites, ntm&. F}wm'. (1880) generic
neme of Noegrerathiopsis, -ﬁ!r
etive of the Glossopteris inaﬂorrlt tb southern hemisphere.

Among the compression species -dubli.h-l by Grand'Bury

(1877) were G. intersedius (fig. 1-D), C. soutus (fig. 1-E), C. fo-
liolatus (fig. 1-F), C+ cuneatus, C. alloidius (fig. 1-8), C. gued-
.!Ltﬂ.l‘ (fige 1-J), €. (l‘odg_rdaitgu) _gm_._m (figs 1-I), and C.
(Dorg-Cordsites) effinis (fig. 1-H). Grend'Bury (1890) also esteb-
lighed the -opoeiu G-_m_; (fig. 1-K) and G-w.

£. mtiond ouse, c. (SGute-Coglgm)‘M Ren. and
!d!i n S ifolius Scimplh. (fig. 1-K), L. e:lgng Zel. (fig. 2-R)

g

this species wes a represent-

end C. comptus Zal ’ (ﬂg- 2-5) were some sdditional specles described
from Buropesn compressions.

Dewgon, the ploneer American palecbotenist, esteblished a
number of cordaitean lesf -p.ci'a'. ineluding C. sngustifolius, C.
flexuosls, and C. (Dictyo-Cordsites) locel: Lesquersux, another

Ploneer Americen pelecbotaniast, instituted a large mumsber of specifie

epithets including C. sostetus (fig. 2-F,G), C. diversifolius (fig.
2-H,1), C. lacoei (fig. 2-F), C. serpens (fig. 2-3), €. grandifolius,
and C. redietus. Unfortunately, s lerge pouo;tago of the species
degscribed by Dewscn snd Lesquereux were based upen very fragmentary
avd rather poorly preserved materiel.

G- communis Lesq+ (fig. 2-D,E) wee a species of gpatulete

lono'c with somewhat oblique, broedly truncate or rounded spexes,



Figs 5. C. (Noeggerathiopsis) Mglopi (Bunb:) Sew. X 0.5

(after Seward and Sabni, 1920). Fig. 4. A-D--C. (Noeggerstiiopsis)
Hgslopi (Sunb.) Sew. (efter Seward and Saini, 1920)+ A--Leaf form
A O«l+ B--pbaxiel epidemmal cells of nonstomgtifercus bands X 200;
b, halr bese+ OC--Stomsl apperatus X 370; p, poler subsidiary cell;
1, lateral subsidiary cell; g, guerd cell. D--3tomatal arrangement
in etometifercus bends X 217. E=-C. sequalis Goepps X 0.25 (efter
Seward, 1917)s F=G--C. (Rhigto:mites; goeppertl (Sclmalh.) Sew.

X 0.2 (efter Belmal heusen, 1879).




messtiring ebbut 2-6 % 30" ahi Sn Meting 15 m—., Abe/es. ¥tK
2-6 intersediste fine strise (Lesguereux, 1878).

Lo gracllis Lesge (Pige 2-J,K) referred to some sublinear
leaves sbout 9 em. long, wileh graduslly enlerged from s bassl wilth
of 05 ene %0 1 om. ot the obliguely truncate spexesm. Thers were
10-20 distinct primary ribefes. on the lower surfsce with 1-A inter
mediete Tine strise (Lesquereumx, 1878).

£. velidus Lengs (Fig. 2-4,0) denoted some thick leaves
messtring sbout 5-8 x 39 oms, whese Upper surfece ¥as “mﬁu stri-
ated by 7-8 rite/oe. an! Tover surface sore ¢1stinetly warked by 55
irrogular sttuse primery rite/mm. separeted by preuinent furrows
(Lesquereux, 1873).

_ The % common ccupression speeles of C. principelis (Gem.)
Geln. (fig. 32), C- lisguletug Or.'Sury (fig. 15), end . snmulogo-
stristus Gr.' Bury (fige. 22), to be discussed more fully leter, are
of speelel interest becsuse Lhay repressnt well known eompreasion
speties wiose lntornal anstomy hes elsc boen sscerteined. Seward
(1917) steted tint the cozpreselon specles of C. ottonig Gein. and
S+ mabefieldl Leage (fige 2-L, M) were prodsbly identical with G.
priveipelie.

Cordeitean Anstouicel Species’

8. rotundisiervig Or.'Bury (fig. 5-7) wes & species of uni-

foraly velned leaves anetoxically dascribed by Urend'Jury (1877) from

Frenchk silieified specimens. The lypodermal sclerctic tissue sppar
ently wes limited to the regions sbove snd below the velns. Ne
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differentiption of the mﬁ‘u im dcﬁnit. pelisede and spongy

—1N

tovdl the .nu-l sides . ht;b-u'lﬂvil -lj‘mt to the m surfece

'n eo-poaod of somewhst dof‘ii‘l smell cells with open ro;iono
amchm uith mb -tug‘ The middle nnoplvii "'3"” the veins

couahﬁdf-ﬂ . ﬂio of W and small nm tin sagittal sec-
tions (ﬂ.g- 6) Mnld otundn of cells end lumr ehubon ori-

ented perpendicularly teo _iho velns. The veins led g centrel xylem
strend of reticulste trachelds, surrcunded by an inferior arch of
other reticulate -x.-mm. According to Grml‘ﬁri' ;IMTI) illue-
tration (fig. 7) end Seward and Sekmi (1920), ‘the m&. on tb
iolur cpidqm- were not eligned in definite rows, bu‘t. acnttohll
-Ithh ths stomatiferous bends, where sbout 6 might bo encountered
scross a bend width.

M Gr.'Bury (fig. 8, 9) vas a Muu ;mu
tm;ﬂicdb described by Grend'Bury t!ml pd,‘ mﬁ(mxm
wa !u.ioeou- pctr.Lf-ctiom- The lupor!'ldll dbbim of thlg
cpuin hnu’bhd thet of c. rotundinervie, being omuﬂ by internsl
tﬂ@uﬂmr nlmt_tg masges restricted to the rogion: above end below
the veings. The velns, end therefore the external ribe, were evenly
l}l"l‘d at disgtances of ebout O+4 mm., resulting im s vein frequency
of approximately 25/;-. The mesophyll wss dlf;qrcnuntd inte an
upper palissde region of evenly arrsnged igodipmetrical perenchyms
cells end 2 lower q!on'g reglon. A sheath of elongated, somewhet
porous cells surrounded the vesculer bundles. Loceted in the supe-

rior pert of the bundle wes & triengular xylem gtrand consisting of
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Fig. 5-7. C. rotundinervis Ors'fury (efter Grand' Bury,

1877)+ Fige 5. I;;nSVsrse gection. Fig. 6« 3Sagittal section.
Fig. 7+ Lower epidermis. Fig. 8. C. rhombinervig Gr.'Bury
transverse section (after Grend'Bury, 1877). Fig. 9. C. rhombi-
nervig transverse section X 40 (efter Rensult, 1879). Fig. 10.
C. duplicinervip Gr.'Bury (efter Grand'Bury, 1277). &--Trensverse
section. DB--Inrolled leaf sppesrance. Fig. 11-12. C. tenuistri-
atus Gre'Bury (efter Rensult, 1879). Fig. 11. Trensverse section
of bud X &. Fig. 12. Transverse leaf pection X 40. Fig. 13-14.
L. lingulatus Gr.'Bury. Fig. 13. Treneverse eection X 45 (after
Bemault, 1879). Fig. 14. Trensverse section X 130; px, proto-
xylem; x1, centripetel xylemj x2, centrifugal xylem; p, phloem
(after Stopes, 1903).
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smell trecheids et 1ts lower point and lerger scaleriform end pitted
elements in the upper portions

C+ duplicinervis Grs' Bury wes ancther species snstomieally
deseribed by Grend'Bury (1877) from French siliceous petrifectionss
These delicate leaves were very thin end narrows; with markedly in-
rolled borders often forming pronounced spirsls _(ﬂg- 10-B)+ The
veinsg were unequal, with lerge centrsl bundles alternsting with
sualler bundles eppearing on enly one side (fig. 10-4).

G+ termigtrietus Gr.'Bury was & lesf species enstomically
desoribed by Rensult {(1279). The leaves were charscterized oxter-
nally by nerrow, =quelly speced ribs sbout 0.6 mm: apart, repre~
senting en spproeximete frequency of 17 ribs/em: These superficial
ribs were ceused by internsl bends of eclerotic tigssue located ebove
and below the veins (fig. l})- The sclerotic tissue was spperently
limited to the vein regions. The mesoplyll wes differentipted into
an upper pelisede region of 2«3 rows of evenly errenged isodiamet~
rical cells with darkly colored interiors. Adjecent to the lower
epidemis wes e rether dense single layer of sphericel, darkly colored,
perenclyma cellse The intervening region of the mescphyl]l between
the veine waes composed of a feirly compect parenciymetous tigsue
composed of transversely elongated cells end lecunse directed per-
pendicularly to the veinss Tide lacuner centrel portion was of'ten
rether crushed by externsl compression resulting in e more pro-
nounced superiicial relief them originelly existeds A bundle sheeth
coxposed of very large, sometimes dartly colored, porous cells gur-

rounded the veins. The tissue between the sheath end the xylem
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elesents wes seldos preserved: A trisnguler xylem wedge, located

in the centrel part of the bundle, comsisted of 1-2 small protoxylem
trecheids st its lower point, and larger scalariform and pitted tra-
cheids rodisting out above tham. .lh upper epidersal cells of tiis
species were charscterized by baving borne papillees Renault (1379)
desoribed snd 1llustrated (figs 12) s large bud of thls species wiich
vwas =5 en. in length and 6=7 m=« in dieameters

. linguletus Gr.'"Bury (fig. 13-21) reprosents a well known
compression species whose internel anstomy was studied by Renault
(1879), lignier (1913), end to some extent by Stopes (1903). The
leaves were obovate in shaps with bluntly rounded, slmost truncste
apexes, reaching 11 x 35 em., but decresping to e 4 em. basal width
(fig. 15). The suparficisl ribs of the besal portion were uneguelly
prominent with 1-5 fine stristions between tlhe mein ribs, but the
ribg of the middle and epicel portions eppeared egqual gt intervels
of 0«6 mm., with a frequency of 17/om. These superficial ribs were
esused by the internsl hypoderssl sclerotic bends wideh were limited
to the regions sbove and below the veins.

The mesoplyll wes cleerly differentieted into a distinet
upper pelisede region end a lower spongy region with congidersble
locunsr tissue (fig. 13, 14). The velns were o-ulonl by en outer
bundle sheath composed of cells with irreguler bordered pits. A cen-
tripetal xylem strend of luio scelarifors; reticulate, and pitted
tracbeids was locsted in the center of the vein with the spiral pre-
toxylem trechelds al its lower point. A cenmtrifugel xylem crescent

of smell reticulete or pitted trecheids was located below, separated



Tosatel vitid iKhe ‘Mrfmwhb%thfﬂywﬁ uggm. wes
1nt,nptod by upicr as a secretory cell (ﬁg- 16, 2’1)- The phloem

in thr anoin as nll- In genersl the tissues of the lower vein

ndnn developed firsts The phlee= -nmr-l early, rm«lins the
Mﬂt The very smsll protoxylem annular elements were the first
wmm: differentiated cells of tie xylem, successively followed
by the spirel, scelariferm, and fimslly the pitted cemtripetel tre-
cheids. Concurremtly the outer bundle sheeth wes differentiated,

end the hypedermal sclerenchyme cells becsmwe lzl.m:lrid- The lest
xylen elemeuts to differentiste were the centrifugel trescheids, with
their developmaent paralleled by the formetion of the lateral “"inner
sheath' elements. Lestly the palisede mescplyll regicn wes differ-
;uttntd by the divigion of p single layer forming 2-3 tlers of cells.



Fig. 15-21. C. linguletus Gr.'Bury. Fig. 15. Leaf shape
X «2 (efter Moret, 19-55)- Fig. 16. Transverse section X 235; o,
upper epidermis; b, palisade parenchyme} ¢, adexial lypodermal strand;
d, centripetal xylem; e, protoxylemj f, secretory cell in inner
sheath; g, outer bundle sheath; by lescunar perenchyme; i, centrifu-
gal xylem; j, immer sheath element; k, phloem region. Fig. 17.
Transverse section of lower epidermis X 2%5; a, epidermal cell;
by, papille. Fipg. 18. Rediagl gection of velnj a, centrifugel pit-
ted tracheld; b, perenchyme cellj ¢, protoxylem enmuler element;
dy, centiripetel spirsel tracheld; e, centripetel scelerifors trecheid;
f, centripetsl pitted trpcheid. Fig. 19. Trprsverse section of sto-
mal region; a, cuticuler papilla on subsidiery cell; b, zuerd cell;
¢, spougy mesophyll (after Florin, 1931). Fig. 20. Transverse sec-
tion of very young leef in bud X 255} e, slaxial epidermis; b, meso-
phyll only slightly differentisted; ¢, bundle sheath; d, protoxylem;
e, phloem; f, secretory cell. Fig. 21. Trenasverse section through
vein L 2555 e, anterior centrifugel tracheid; b, centripetal xylem;
e, centrifugel xylem; d, inner sheeth element; e, phloem; f, bundle
sheath; g, abexigl hypodermsl strand; h, protoxylem; i, eecretory
cell. (Fig. 16-18,20, and 21 after lLignier, 1713).



Fig. 20 represents a tr
of the bud. .'xa;u} \ e S
ugbgﬂwm reported ‘the | s of pepillae on the lower

(£ig- 19), .gwmwy tids s
whase epid tructure he deternined, but feiled to
se ep nﬁf}in temin hut feil
L w Gr.' Bury mnmtl a ncll known Fenn-
4y . .
gylvenian and%mhn compression "‘M}i %’-mh‘h leaves
with broedly gunn.a apexes, mnﬂum wm ems (fig. 22),

A =

with nbout 17 'muvcn, rether courge rui’-lq ? 0.6 J-n epart,
which tended to converge scmewhst st the buo- iumzlt (1879) fig-
'unt, the internal enatomy of tils speciss (fig. 23). The leaves

were extremely M and :1% nt d}nitc eonddoublo crushing

indiceted by th.rphjuw #Q dles, ilt's specimen was
't

st111 1 wm. in whﬁ& mw"&?& &-plomy embedd ed

‘; ’l‘;"‘

o the leaf tissuss ml i.u e elerotic bends ac-

:tihcuth- There
were also 5 sdditional, more-or-less equel, intemmediate, hypodermel,
sclerctic strands between the bundles on both the sbaxial snd adexiel
sldes. These intermediate strende did not sppear to csuse external
stristions to the extent thet could be mou;. prebebly becsuse
of thelr being buried im the thick mesophyll.

The mesophyll-of C. engulcsostrisius was not differentisted
into pelisede end spongy regions, slthough the perenclhymatous tissue

near the sdexial side wes composed of s more compect leyer of thicker,



Fige 22-24. GC. pngulosostriatus Gre'Bury. Fig. 22. Lesf
shape X 0.1 (after Grend' Bury, 1677)+ Figs 23+ Transverse section
X 50; b sdexisl lhypodermal strand; p, parenchyme; a, scalerifomm
centripetel trecheids; ¢, spiral protoxylem trachelds; b, centrifu-
gal xylen trschelds; o, phloemj d, bundle shesth; h, abaxisl lypo-
demmal strand (efter Remsult, 1879)s Fig. 24:. lower epidersmis
X 30 (efter Seward end Sahni, 1920): Fig. 25. S+ felicig Bense
trensverse section X 553 1, lpcunaj g; inner sheath; bs, inteme~
diate sclerotic bande; ms, sclerctic messses essocisted with veins;
Bep, centripetal xylemj Bet, centrifugsl xylem (after Leclery,

1927) «



.
darkly colored, polyhedral cellse Lacunar tissue was found between
the bundles;, but often not well preserved. Scott (1909, 1923) indi-
ented thet the bundle sheslls were ssemingly connscted laterelly by
tracsverse bridles of tidckensd cells, widoh be interpreted as being
luteral trensfusion tissue such ss icresdell (1897) originelly de-
scribed in the cycads. The lerge veins wers enclosed by a strong
bundle sheath composed of several layers of porous fibers. The
Xylem was mesarch in gtructure with the ssall spiral protoxylem
elements in the center having given rise to a mass of large scalar-
iform snd pitted centripetal trucheids sbove, and & group of small
pitted centrifugel trecheids below them. The plloen was located
below the centrifugsl xylem but usuelly wss poorly preserved.

. BSeward srd Saimi (1920) studied the epidermal structure of
£ sngulogostristus (fig. 24), snd reported timt the epidermal cells
were rectilineer with no cutieuler epperdeges: The stomata of the
lovwer epidermig were invariably arranged in regular single file
rows separated by slternstely uu- end narrow nonglomatifercus
bamdis«. The narrow nonstomntifercus bends were only 0425-0+33 es
broad es the wider bernds, end thelir slternation resulted in the
characteristically peired nsture of the stometel rows of tlds spe~
cles. Geverd and Sehmi spesulated, witlout sctual proof, thet the
bresder stometifercus bends probebly nmlpor;‘d to the lerge super-
ficisl leaf ribe, while the 2 peired rows ley respectively on the
right exd left slopes of en intervening groove.

L. felicig Dens. (fig. 25~27) was = specific epithet pro-
posed by Beuson (1912) to replace the nemwes of C. robustus, C.
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logulogus, anié 0. wedeltlndl,"3 ‘dnitomical spectes previcusly estel-
f{shed by Féllx (1686). Benson slowed thut 0. robustus end C. loou-
16sus were bésal forne, end OF yelekindi was an Upper portion of the
snne leaf typé, & conclusien slsd supported By the study of Roop-
mans {1928). At first considéretion, Beuson's recorded messurenents
of tils form seased incongrucusly minute, but the dIfficulty wes
clerified by Seott's (1923) statoment tiat Benson's nessuremante were
in efror snd each requirsd multiplicstion by a fector of 10. The
1eoves reached s thickness of over 1 ms. in bassl portions, but de-
ereased ‘in thickAess upwsrd end foward the warging wiich measured not
loss than ©.19 ma. 3eward (1917) steted that there were 15 veins/em.,
but Benson's réport would indicats a range of 16-21 veins/em.

" There was en almost continusus lypodersal sclarctic layer
beniesth each surfece of the thicker leaf parts, bul tids leyer wes
{nterrupted in thinner leaf portioms. The most outstending charec-
teristic of O. feliels loeves was the extension of the intermediate
kypodermal selerotic ribs cotpletely ncross from the abexial to the
adaxial side forsing strong I-shaped girders between the veins. The
fntervening fypodersal sclerotlc masses Detwsen these main parti-
tioms on both surfaces varied in mumber and size, but ususlly con-
iiitod of 7 smaller ribs betwsen eech psir of mein sclerotic parti-
tions on the lower surfece, and a non-éx-*lou. uniforaly thick leyer
along the upper surface, except whers & more pronounced rib was often
attached to the vescular bundles (fiz. 26).

" The mesophyll showed 11ttle ddfferentistion inte pelisede

and spongy leyers slthough the upper region was somewhet more
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compact (fig. 26)., This species was less lscunear then most, al-
though rediel sections u-unr, M segittel sections Aln.n. re-
vealed wmw om ' .. : W running strends
of cells. The parensiys WA ¥ b Al e o115ht1y
elongated pol’oﬂtm}wh ﬁt!lht

The Muvmw a7) ngpqntéid by e thick,
well developsd sheeth of longitudinally sposed, occasicnally pit-
ted elements, except im the proxian] MW The bundle sheath
was attached to the kypodermsl sclerctic mesees sbove and below.

The well developed upper centripetel xylem consisted of large pit-
ted trecleids redisting from s small lower protoxylem group, decreas-
ing in number as the leef wes reduced in thickness distally. The
protoxylem group also gave ﬂ;q below to merrow centrifugal trache-
1da which in well developed portions of a lesf{ formed a distinet
ergscent attached to the sides nt the upper centripetel xylem. The
centrifugel xylem was more abundent in tbo basal leef porticns, end
entirely absent toward the maﬁu.ﬂﬂn spicel regiong: 4 leyer
of perenclyma ususlly upantd. tho centrifugal xylem from the cen-
tripetal xylem and alse from the phloem below. Elements similar to
the centrifugal tracheids Mnlly litied the lower part of the bun-
dle sheath (fig. ET-d). end were comsidered sn "inner shesath of
primery transfusion tissue® by Benson (1912), wlo believed them to
b,‘ derived from the centrifugsl xylem.

Seward (1917), despite the anatomicel work of Rensult (1879)
and Stopes (1903), suggested thet C. feliels and C: principelis
were identical, becmuse the former was the dominent snstomicel fom



Figs 26. C. felicls Benss transverse section; cp, centrip-
etal xylemj px, protoxylem; ph, phloem (after Seward, 1917). Fig.
27« C» feliclg Bens+ trensverse section of vein; e, bundle sheath
b, centripetal xylem; ¢, parenclyma layer; d, immer sheath; e, pro-
toxylem;j f, centrifugel xylem; g, phlcem (efter Benson, 1912).
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end the latter was the dominent compression form in the lower coel

mezsures of Grest lritd.!, s m» seezingly also

f?f
Leclercy (1527). buvor, ﬂi)thnr ectuslly correlsted ﬁtiﬁpnl—

sion and @hicnf forme. mrmtontinn resultes in Mubln

=

confusion since the m«um description of C. prine
Renaul t ul .mum.. markedly from Benson's (1914 ﬁuu of
Q- felicis. The possibility remsins thet perieps these species,

wideh are quite different anstomically, mey present rather similar
compression forms, and it 1g known that the ribbing frequency is
nearly identical. .

Lo woristeri Leclereq (fig. 28=31) wes a leaf species ane-
tomically described by Leclercq (1927). The leaf was 0.5-1.4 mm.
thicks The sclerotic tissue consisted of almost equal, hypodermel
messes lining both n\ﬂmh. but eomewrat lﬁn developed on the
abaxiel eide, with lﬂll of them tn.-sng tho Ioaf width or jutting
very fer imwerd. The number of these nm mun varied, but they
were alweys opposite in -puﬁl@ on f.h 2 gpurfeces.

The mesoplyll wes only slightly differentiated, with no upper
pelisede layer formed« In distel lesf portioms (fig. 30) the central
pert of the mesophyll between the veins wes composed of highly devel-
oped, complex, lecuner tigsue, with the lacunse eppearing as super-
imposed plenks bound together by pamchynatou; tissue (fig. 29, 31).
However, Lgclorcq'u description regarding the exect orientation of
these lecunse in reference te the veins seems rather confusing end
her photogrephs (fig. 29, 31) leck clerity. Lscunar tissue was

abgent near the proximel leef portions (fig. 28), where insteed the



Fig. 28-31. C. weristerl Leclerg (after Leclerg, 1928).
Figs 28. Transverse section of proximel leaf portion X 25; ep,
epldermis; me, scleroiic masses; bep, centripetal xylem; bet, cen-
trifugal xylem; g, bundlg sheath. Fig. 29. Radisl section through
the mesophyll X 50; £, vein; p, parencly=a es gupsrizposed planks;
1, lacunaj cs, sclerotic tigsue; cp, primmetic bundle shesth cells.
Fig. 30. Trensverase section of digtel leaf portions X 25; labels
as ip fig. 26-29. Fig. 31« FRadiel gection through a vein X 3C;
tr, sceleriform centiripetal tracleids; pl, lacutar parenciymas
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spongy mesophyll wes quite compmet.

The veins were encesed by e thick sheeth of 2-3 rows of pris-
matic cells only slightly longer than wide. The bundle sheath was
often completely free of the hypodermel sclerotic bands, frequently
ettached only on one slde, end sometimes sttached both ebove &nd
below to tiese bands. The xylex wes mesarch with a well developed
trienguler group of centripetal tracheids located in the upper part
of the vein redisting from the spirsl protoxylem elements located
at the lower tip of tids triengle. The centrifugsl trachelds below
formed an arc which either curved upward to attech to the sides of
the centripetel xylem, or else formed a free group of cells. Fhloem
occuplied the position beneath the centrifugel xylem (fig. 24, 25).

: Hothing is known of the superficial shape and gize of the
leaf except its tidcknesss The 26 veins/cm. were sc small and inter-
nally embedded that they mey not heve sffected the superficisl rib-
bing, but the 7-1] messes of mere-or-less equally developed kypo-
derzal sclerenclyme/mm. probebly produced fime equel superficisl
ribs« On tidg basie, and becsuse of compression material believed
present, Leclercq theorized, with no direct evidence, that C. weri-
m might represent the enstomicel form of the compression specles
of C« borgssifolius. Becsuse of its close associstion end resem-
blence to some of Felix's (1886) leef forms included by Bensor {1912)
in her species, Koopmans (1928) hes suggested the poseibility that
C. weristeri might belong to C. felicis.

S« principslis (Gers.) Gein. (figs: 32-33) wes & well known

compression species found commonly in both Suropeen end Horth Americen



“ the apex. According to Kidston (1893), the besal leef por-
adusily narrowsd but dmmediately at its stteciment 1o the stes
panded slightly. f‘?ﬁ%lmm which were ma&mu

1949). Stopes (190%'990:@.& that
the 1?!‘ thickness ﬁ“‘;—kho, in egreemsnt ts_,g;h Renault's
(1879) figure. ﬂgmm Fisbing vas .tmgdl tuﬂht
throughout the leef ong! ‘f“ % the primary ribs about 045 ma.
apart according te 'ltqu and Hemsult, but ss far spert as 057 mm.
in Lesquereux's (1878) description of 0. msnsfieldi lLeeq., en Amer-
icen 9capmu1m species loter referred %o C. princivelis by Md'd

(1917)« The primary rib frequency wss t,hreror- 14-22/em: There
were 1-5 fine intermediate strise betweeh eech peir of main ride on
thd sdaxial superfictal surfece, and & reguler slternation of more
distinet gecondery intermediate ribs with the primary ribs on the
absxiel leaf surfecer

Rerisult (1879) first figured the internel snstomy of C. prin-
m and ﬁegn (1903) investigated it more thoroughly. Well de-
veloped hypodermal sclerctic strends were loceted ebove and below
the velrs and were sttached to the bundle shesth. 4 feirly promi-
mf. iuh_u_o’&cti sclerotic strand wes loceted midwey between the
Yeins mpuinst the ebexial side, end 2-4 snsller, irreguler sclerotic



Fig. 32-38. C. principalis (Gem.:) Gein. Fig. 32. Leaf
ghape X 0.1 (after Kidston, 1902). Fig. 53. Transverse section
X 55« Fig. 34 Transverse section X 45 (efter Remault, 1879).
Fig. 35+ Transverse section of vein X 150; px, protoxylem; x, cen-
tripetsl xylem; p, Xylem perenchyms; ph, phloem; ss, inner pitted
ghesth of "primitive transfusion tissue"; s, outer pitted sheath of
"peridesmic trensfusion tissue"; f, crushed phloem cells. Fig. 36.
Transverse section X 135; s¢, sclerotic strands; e, spongy meso-
plyll; other lebeling es in fig. 35. Fige. 57« Redigl section
through & veln X 225; sl, lerge superior sheeth cells ad jacent to
the centripetsl xylem; other lettering as ebove. Fig. 538. Redial
section through the mesophyll X 1005 sec, abaxial sclerotic strand;
2 ggongy tissue; p, pelisede tissue. (Fig. 33,35-38 after Stopes,
1903) »



groups egeinst the sdexial side (fig- 34). Renmilt reperted-a defi-
nite differentistion of the mesophyll into a pelisede end spongy
region, but sccording to Stopes this distinction wee rether obsecure
in trensverse sections where all of tle parenciyms cells sppeared
hexagonsl and rether compacts Hadigl seclions betier revealed the
pelisede region as composed of broad But regularly erranged cells in
2-4 rows, with the lower rew begimming to be separsted by slit-like
lecunae (fig, 38). PRadinl sections reveeled ihe spongy tissue to
be conponed of irreguler cells cheained together to form a highly
lscunar tissue, while in ssgittel sections the parenciyme was in the
form of strends of transversely elongated cells extending between
the bundles and sepnrsted by lerge lscunse: It wes suggested by
vwgm early workers that the transversely elongeted cells in the
middle portion of the mesopihyll extending from bundle teo bundle in
this and other species might be considered = type of "lesteral trans-
fusion tissue", but even Stopes sdmite tiat these cells were hardly
speciplized enough to warrent tl?h designatione.

An outer bundle sheath, consisting of 2-3 layers of thin=
walled elongated cells, surrounded the veins. The sheath was better
developed on the upper side where very large cells frequently were
found between the xylem and the hypodermel fibers. Stopes indicated
thet the 9b-th cells sometimes eppesred to lctgo with the adjacent
trengversely elongated middle tissue between the bundles: The xylem
(fig. 35-37) conelsted of & well marked protoxyles group giving rise
to @ wedge of centripetel xylem sbove, with the elements verying in

eize fromw spirel protoxylem tracheids only 10 p in diemeter to the
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ularly spaced (fig. #5). large intermedicte ,lv'polonil. sclerotic
strerds extended for into the mesoplyll m- ‘the ebexial side, elter-
itung Mh»dngle.-ul}or :thmll wideh umuawﬂg but were
W-Iimﬁy *dkchd “to the vhmhr hunl!u ymh itl:p buried in
ﬂn sesoplyll. Rerault mmu that the m.hd‘nlewﬂe

uuu on the -luu: .urnn uauu 4o .m -tm; ‘occurring
u-u.ut.t; nm the nub (fig. 59). -y umnﬂmend e fairly
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Fige 39-45. C. cressus Ren. Fig. 39« Transverse section
X 4. Fig. 40. Stomatiforous bend of lower epidermis X 85. Fig.
41. Upper epidermis X 85. Fig. 42. Segittal section X &5;
g8, vesculer tigsue; ¢, long €hin cells; d, bundle sheath; m, meso-
phyll in strands; 1, lecuns. Fig. 43. Rediel section through e
vein X 85; ep, epidermip} p, sdexial "palisede” cells; h, hypoder-
mal seclerotic tissue; v, pitted upper tracheids; g, scalarifom
tracheids; tr, spiral protoxylem trecheids; b, pitted centrifugal
tracheids; p', compact sbexisl paremclyms. Fig. 44. Ssgittal sec-
tion of compact sdexiel "“palisede” parenchyms layer X 85. (Fig. 39-
44 after Remgult, 1879). Fige 45. Transverse section X 14 (after
Darrah, 1940).



extensive development ‘Mpﬂugﬁ:&w along both sur-
faces {fig. 45). Derrah alec noted e cherscteristic psiring of the
veins with the large intemmediste nbexinl strenda usually eceurring
only between every 2 bundless =
without distinet palissde end spongy regioms, slthough Rensult indi-
ceted that the pearenciyma nesr the sdexiel epidermis wes somewist
more compect and slightly leyered (fig. 39, 44). The lacunar tissue
consiated of anastomosing etrands of cells directed perpendicular
to both the lamina surfaces and to the velna (fig« 42), with elit-
like intarcellular speces between tham. Reneult stated that thie
species was less lacunar then some others he imd described. :
. The veins (fig: 39, 43) were enclosed by a bundle aheath of
doubtful erigin {Derrah, 1940) composed of large, poreus, radially
elongated cells, often filled with dark granular gubstences (Rameult,
m- Renpult described = delicate tissue located between the
sheath and the xylem tracheids, composed of narrow, radielly elon-
goted, thir-walled cells. The xylem wns meserch, composed of upper
centripetel snd lower centrifugel trochelds; but no externel "immer
‘shenth" was present.

Rengult end Seward end Saini (1920) reported that the stomata
were confined to the lower epidemis, where tiey were arranged in
stometiferous bends of 5-6 slternative rows, with a stometel fre-
quency of 150/mm?. The epidermal cells of both surfaces were recti-
linear without the presence of cuticuler pepillee (fig. 40, 41).

£. affinis Reed axd Sandoe (fig. 46~58) represents the only
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other cordaitean leaf M”w“ C. crassus that has been ane-
tomicelly desoribed from American petrifactions. Unfortunately,
Roed and Sendoe (1951) escribed to tids form s specifiec epithet pre-
viously esployed by Grand'Bury (1877) for snother species (fig. 1-1),
osusing a texonomic problem. Kevertheless, this species represents
one of the better known amatomicel forms, since its internsl struc-
‘ture has been correleted with its epidermal pattern. The length
of the leaves is urknown, with the longest segment of & em. being
congldered a mere fragments The leeves sppesred flat and narrow
on the petrifaction surfece, but were often sctuelly considerably
inrolled within the metrix, with the widest leef studied being 45
ems from mergin to mergin. The reletively smooth Qxﬁgnal surfece
hed fiu. clogely-set, parsllel veins wiich occasicnelly diobtuthod-
On the upper surfece there were 2, 5 or more secondary strietions
between the mein ribs (fig. 46), wiile on the lower surface there
was a single distinct secondary rib slternating with the primery
ribs (Pig. 47).

 The ypodermal sclerotic strands were composed of typical
fiber cells elongeted sbout 20 times their width, and so thick-
walled thet the lumen wes barely visible. The srrengement of the
fibrous strends agreed with the superficisl ribbing pattern, with
the lergest bands sccompsnying the veins. There were 2-3 smell
fiber ribs located between the velns on the edaxlel surfece and &
single feirly lerge rib was located about midwey between the veins
on the ebexiel surfsce (fig« 53).

The mesophyll could supposedly be divided into an upper,
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nhtiv.ly coqnet relisede tissue ot }-h cell mu, und e lower

T

t:lon- (rig- 55) th.y un’hrlly di-tlnguhhblo fn- the spongy tie-
mim spongy tissue cells wtc -nuq, more irregulaerly
lh,od, but td.rly ca-putly unwv In .i‘ﬁ:td sections through
tho spongy mlaPlvll near tb- abexisl side thou perenchyss cells
lirq ofi.l seen n lﬁutc-o'!’n} ltrﬂlh uwnﬁn; lacunse (fig.

57)+ 1In poor, very compressed -poninan the lescunse were often not

%

B v S remnting. tha vellla uas-& vl R6fihet bunlile shendhas
1-5 rows of thin-walled cells attsched directly to the hypedermal
m.r etrand; sbove and bohuo The lhocth cells had bordered pits
on thelir redisl walls, snd wany of tb‘ﬂmnﬂ darkly stained.

The xylem elements seemed to form an are scross the upper portion
-ﬁth vein and down the sides of the pu.. {(fig. 55)+ The lergest
tuehd.d- were 10«&«! 1n the upp'? contnl gortlon and bore multi-
sorinte bordersd pito- A A, The smsller, more
u:;ai}:@utmh-idu below. “ udthﬁ»iui\;mlly had uo.hf.ltor-
meridngs (fig. 56). Gofe xylem parenclyms wes seattored emong the
tracheldss Reed and Sendoe did not report the position of the pro-
toxylem, but essumed it to be mesarchs The p‘hl;c- region wes lo=
cated below the Xylem are, but these elements were seldom preserved .
The cellulsr detail of the sctual vascular tissues was poorly pre-
served in the described speciumens, end Feed end Sendoe stated thet

they could "write with less essurence of the xylem and phloem than
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Fige 46=58. (. affinip Reed and Sandoe (efter Reed and
- 1) =i__ RL == g 04 o8 o1 o R }
Serdoe, 1951). Fig. 46. Upper superficigl guifece showing ribs.
Fig. 57+ lower gpuperficial surface skowing ribs end ztomsta. Fig.
45. Upper epliermis. Fig. 49. Llower epldemmis. Fig. 50 :
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tiferous bend of lower epldemis. Fig. 51. T tion of
stoma. Fig. 52. HRedigl gection of gtoma. Fig. 5 rensverse

leef section. Fig. 54. Rediel section through a vein region.
Fig. 55. Transverse section of vein. Fig. 56. Ketexylem tracheids.
Fige 57+ &Sagittal section through sclerotiec strende and spongy
parenchyme. Fig. 58. Rediel section through the mesophyll.
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of any of the other tissue"s« =

The upper epidemal cells were thick-walled and longitudi-
nally elongeted, mmg M 20 x 60 p and mrlng feirly uni-
form in shape and size (ﬂg- M) The lucr epidermis was arrenged
in definite nm ‘and nonstonetiferous bands of aepproxi-
metely equel widih (fig. 43): The spidermel cells in the nonstome-
tiferous berds were essentiglly like tlose of the upper epidemmise
The stometiferous bands were found in the furrowed inter-rid regions
of the lower epidermis where the stomete were arrenged in 2-5,
though ususlly 3, longitudinel rows in eech furrcw between consec~
utive hypodermel sclerotic bands (fige 47)« The stomstel epperetus
consigted of 2 swall, oval, sunken guerd cells surrounded by 4 sub-
sidiary cells. The leteral subsidisry celle were shorter and broed-
o ‘than ‘the ohitnisy epidermalinsile; wveraglng 55 S0, and the
peler subsidiary cells were necriy oval everaging 15 x 25 pne The
stomets within these stomatiferous furrows were go crowded that
subsidiery cells were usuelly shered by edjacent stometa end stome-
tal rows (fig. 50)« The subsldiery cells hed tiickened cuticular
ridges overhanging the sunken gusrd cells forming epistomal chambers
(fig. 51, 52)« The epidernel cells of both surfeces were narrow
with tepering rediel walle when seen in tnnn.u-u view, l;mt those
of the sdexigl epidermis were somewhet deeper and marrower than
those of the ebexlal surfeces

Reed and Sendoe differentipte thelr species of C. gffinis
from the similer C. principelis on the basis of leef thdckness, dis-

teance between the bundles, the sbsence of sn immer sheath of thick-
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welled primitive transfusion tissue, and e lack of intervening
tmmwﬂﬂmﬂh bundles.
sladvalN Diase 7.
:pnu A5 nnam.s

The cordeitesn lesf fossils exemined in this study were
obteined from Kanses snd Iowe coal ballss Goal balls with K.5,7.C.
collection mumbers of 728, §504, §508, /510, #511; #530, #535, #648,
#714; and #1373 were obtalned from the strip mining area of the
Fittsburg and Xidway Cos) Co. near West Nineral, Kansas, a locality
geologically mscribed to the Fleming Cosl Seam of the Cherokee Group,
which ocours slightly below the middle of the Les Moines Series of
the Fennsylvenian Age strata (abermathy, 1945). Cosl bells with
K45:76+ collection mmbers of #245 snd 7260, end University of
Mh ccllecticn mumbers of f1054 end {1288, were obtained from
the strip zining srea of the Whkat Cheer Clay Froducts Co. nesr
'F" Cheer, lowa, » locelity geclogicmlly sscribed to the lower por-
ticn of the Ues Molnes Seriess Gosl balls with Us of ¥inn. collec-
tion nuwbers of /607, 609, #8378, jé70, #9917, #1004, §1035, #1042,
#1044, fro92, #1099, #1103, #1117, end 1121 were obtained from the
Gerbon H11 Mines CB 622, #767, and #1126 vere obtelned frem the
0ld Atles Mine; end GB 784 and #785 were obtained frem the Ellis
Mine; all of these sre located in the Cgkelooss and Cttumws, Iowa
aree and eloo geologioslly escribed to the lower portion of the Des
Moines Series.

During the course of tlds study it wes necessary to deter-
mine the superficial ribbing pattern, the internal snstomy, and the
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epidermal structure of e single Cordeites leaf. The superficlel
ribbing pattern of s leaf was revesled by fragmenting tﬁ cosl bell
in such & way that the clesvege plene revesled the leaf surfece.

 Internal sections were cbisined by using the cellulose ace-
tate filn tecimique. The corl balls were cut with p diemond-edged
slebbing sew at the necessary angles to obtsin desired internsl
soctions of individual leaves. The cut surfeaces were then polished,
etched with dilute hydrochloric seid, flooded with scetone, and
coverad with e strip of cellulose scetate film. The films, wien
resoved, roteined the carbonized cell walls, and could be cleared
with xylene and mounted on slides for snstomicel study. For in-
o;\uui cell definition tidn sections were also made by the well
known method of atteching the rock specimen to a slide end grinding
it t&n- At lesst 3 kinds of internsl sections were made of esch
individual lesf exsmined, in as meny different leef portions es
possible. These included (1) transverse sections psrpendicular to
both the blade surfece and the vein courses, (2) rediel sections
perpendiculer to the blede surfece and parsllel to the veln courses,
and (3) segittal sections perallel to the blede surface. Various
ebligue sections were also sttempted in the hope that they might
shed furtber light on the leaf enatomy. )

Whgnever satisfectory internal sections of well preserved
Sordaites leaves lad been obtmined, the maceraticn tecmique, em-
ployed extensively by Florin (1531) on other gymnosperas, was used
to determine thelr epidemmal structure: 4 small part of the copl

ball containing a portion of the single cordasitean leef was chipped
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off and placed in dilute kydrochlorie meid. 4e the limestone me-

trix dissolved, the asid resistant cuticles were sllowed to sepe-
rate fresly. By earsful use of dissecting needles both the upper
and lower cuticles of m leaf could often be separsted simulteneous-
ly+ The lesf cuticles, tiue freed, usially retsined the epidermal
oell structure, and could then be mounted and stuiied to detersine
hzﬂhw pettern of the lesf.
... A1l mlides meds during hils investigation have besn filed in
mm»&w cellection of lannn Slate Teachers College,

RESULTS AND DISCUSSICN
Deseription of Cordmites affinis Reed and 3endoe

Qceurrence -~~Cosl balls #28, #S0k, 508, #510, #511, 530,
#5355, #6548, FT1h, end §1373, from West ¥ineral, Kensas, end CB 245,
feée, #1054, end #1288 from What Cheer, Iowe, contsined large num~
bch of leaves that could be ldentified as belonging to Reed end
Sandoe' s (1951) species of C. affinig. Tiie species appeared to
represent the most common, end in fact the only eleerly recognizeble
form of cordeitenn leaves in the West Minerel, Kenses, and What
ch-mI Iowa, cosl bells investigeted. R

A doubtful leef fomm, charecterized by telng relstively
shorter and thicker, with closer veins and extremely large scle-
rotie caps associmted with the bundles (fig. 61), wes found in asssc-
ciation with typicel €. effinis lesves in elmost all coal balls

from the sbove-mentioned localities. This lesaf type, measuring
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1-2 cms in width end 5-8 sm. in thickness ecross the middle rid
portions, had large sbexiel nlonne caps occupying nearly %, and
adexinl caps umyu; t am leef tldckness, with the vasouler
tissue located in the ‘
of m &m regions me a very strongly ribbed superfi-
d..i ﬂd‘m and gave il- form en sccordian~like sppesrsnce in

space between them. The infolding

trensverse sections. rhu» leaf form was un’doubtedly the one men-
tioned and illustrated by Bexter (1959) ee bLelonging to ks new
terminel stem species of Mesoxylon bireme. MNicroscopie exsmina-
ttgn’ nmh& reveeled that such lesves had undergone retler severe
oml}dn; of the mesopiyll, bundle sheath, aund most vasculer tissue
except for the thick-walled tracheids. FPig. 61 identifies tihis
forn with the tiicker uncrushed leaf form illustreted in fig. 60,
which does not give such sn over-ell sppearance of exaggerated
sclerotic bands. Despite its scmewhat different genersl sppeer-
ance, this form hes been engtomically identified by means of epider-
mel structure, by successive pgd udlot; and by similerity in ves
cular tigsues, as e basal form of C. effinis leaves. Numerous at~
tempts in fregmenting the coal bells to dsolete such fcm-, resul ted
in superficially revesling the sctuel luf bases w:lthin 1-2 ems of
ABs¥e ransvarss sectliong (fiz. 66).

Externs]l Morphology«~~As is the case \;1th meny other enatom-
icsl species, rether 1ittle is known sbout the over-all size and
shape of C. affinig leavess The widih from margin to margin of 63
mooﬁoi leeves, ranged from 0.55-4.10 cm., with the mmber of veins

verying from se few ess 12 to es meny se 60 in falrly direct



Figs 59-64. Transverse sections of various C. affinig leef
forms. Fig. 59. Leef base X 9 (8L 714-M). Fig. 60. Uncrushed
proximel leaf form X 45 (3L 658-1-b). Fig. 61. The commonly en-
countered crushed proximel form with an uncrushed pertion X 45
(8L 658-1~b). Fig. 62. Uncrushed mediel or distsl form showing
leaf mergin X 45 (5L 508-1-a). Fig. 63. Common unduleting form of
mediel and distml portions X 45 (5L 714-3). Fig. 64. Excessively
crushed form X 45 (5L 1288-1-0).
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correlation to the leef width. This compesres favorsbly with Reed
end Sendoe's (1951) report thet the widest lesf found by thex wes
45 em+ with sbout 60 veins. The longest fragment found in the
coel balls was ebout 10 cm«, but tidis eppesred o be only a smell
fraction of the original leaf length, einece only ﬂight changes in
leaf width and vein number occurred in the aw revealeds Since
the width and venstion chenged e0 slightly in the observed leef
lengths, 1t i thought rether likely thet thls species might have
conelgted of very long, broedly linear leeves, jnrhp-c over 50 ems
in length wiich very graduslly widened from s bassl width of ¢ cen-
timeter or less to a width of about 45 ecm., end then probably
tapered sgein toward e completely unknown spéXxs BSuch a conjecture,
however, 1s reelly unsubstantinted by direct evidence; since the
coel bells can not give a true indication of the totel length of
these rather long C. affinig leeves-

The leaves of tids species, though sometimes rether flat,
were ususlly incurved at the merging or inrolled to various degrees,
as vim Suparted sk wall Silustrated by Kook el Muniin, The Sutie
cated that the surface width visible might be mislesding if ever
found in compression materiasl.

While splitting teciniques quite freguently disclosed the
leaf bases (fig. 66), identifisble spexes uor; never thus revesled.
The well preserved leef beses were 0.6-1:2 cn. wide, and 1.5-2 mm,
tidek in the central region, giving somewhat the sppearsnce of a
flettened ellipse in trensverse sections (fig. 59): The verietions

noted in the width end thickness of these leaf beses appeared to be
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due, st least in pert, to differences between young and mature
leaves: The presumably young lesves found atteched to the small,
terminel stem attriduted to Hesoxylon birese Bexter (fig. 67) were
at the lowest extreme, arxd the older. luu-- 1ni|%hlch gome basal
sseondary tissue hns been identified (rig. 79)'--1"- st the highest
‘extreme of tids varletion. The thickened bace +- somewbat recur-
rent with e slightly conceve or semi-¢lasping Wlu surfece, quite
gimilar to Seward's (1917) deseription of thoun of Germar's type
um of C+ principelipgs The leaf nar’rovd ilightly 12 mma
Mo the base and then widened stesdily %o l‘uc’h asbout 1433 times
iﬁ originel width et 1 ceme sbove the bau. ",!_f‘hymftor, the width
ncld to gmny inerease upward st a much ’1’6“ perceptible

rate: The lea? thickness upward from the bree wes rother sharply

i %o sbout 50% of the original thickness in a 5 mm. distence,
d "_WMdnbmtﬁowianﬂymtsn.
ﬂuﬁﬂ.ﬁ hm‘tmm«s M ‘only n? ;unluny to

_u

11 .,‘ﬁn ﬁ.m to 0.5 mme m w&uﬁa through the

n'v‘“ 7}__;.-‘
muﬁd yomm of the leavess Fige 64 repr

M‘S* ‘the"bassl rogltn of a MM{&" v‘-.a

affinig leaf: Trensverse views at the lesf base revealed the char-
acteriatic form glown in fig. 59, while transverse sections ér the
proximal lesf regions wht ebove the }b_u.vn_mulo(l the fom
shown in fig. 60 If relatively uncrushed, or that shown in fig. 61
Af excessively crushed-

The tidckness of C. affinis leaves in coel bells varied,
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g+ 65+ Reconstruction of a O. affinis bese X 5 (after
SL 71#—!) Fige 66. Superficlel view of 0. aif L. affinie bese X 2.2
(CB #28). Fig. 67. c. ﬁnh leaf attechment to small stem of

Hesoxylon birese baxter 504-4) «
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undoubtedly being quite dependent wpon the degree of preservetion.
411 lesves tapered somewhat in thickness towerd the mergins, which
were 0.1-0.3 mm. ldck with bluntly rounded insteed cf tepered
ends (figs 62)« A&lthough some well preserved leaves were more-
or-lesa uniform in thickness (fig. 62), 2ost of the leeves hed

the inter-rib regions crushed or pinched inwerd to various degrees
(figs 63)+ In many leaves the tidckness of the inter-vein regions
tq: only sbout } of that scress the veins, wiile in a few the inter-
vein regions were so crushed tlat in trangverse sections the leaf
nwlld g serles of besds onm a string (fig. 6&_)5-, These varie-
w probsbly have little significence other tisn illustrating

differences in compression during the preservetion process. It cen

b;gpllﬂ: seen that the degree of inter-vein crushing affects
thﬂm of prominence of the external ribs.

The primary superficial ribs were csused by Iypodermel scle-
rotiec tissue sssocieted with the veins widch resisted the crusking
that depressed the inter-vein regions. The intermediate ribe were
W by hypodermel strands of sclerotic tissue between the
veinse The 92 leaves recorded showed e congidersble veriation in
primary ridb (or vein) frequency from 13-28/cm+ There proved to be
a definite correlation between total leef width snd the mmber of
primery ribe (or veins)/em+ with narrow lesf sections. having closger
veins and wider leef sections heving mere distant veing. Leaf

-sections with lemine widthe of 0.55-1.2 em. aversged 22.6 veing/em.,

with 0«44 mm. distence between the veina. These nerrower sections
Were presumably neer the bese, ne borne out by Lbeir increased



tiickness, end, due to the more frequent dicihotomizing of the veins,
the prizery WMW sssociated in peirs: Leaf
sections eiﬂnmw 1847 veine/em., spaced
st intervals of sbout 053 mis Leal sections of 2:0-2:5 .
widths U%W 165 veing/ems, omM 041 mm. sparts
Leaf ‘secticrs excesding'3 ou: vidtis sveraged mlja‘» vaing/ems with
0166 w41 stancs betwoen the veins: It was further noted that the
2 brosdeet lenf specimens with widths of 3.8 and 4.1 em. sveraged
oﬁﬁdﬁ end 14 veins/em: respectively: The svarage figures for sll
gvm leaves obegerved in this study, revesled & vdn or pri-
wnb fttquomy of 18.6/cm., wiith the velas 0453 mm: spart.
Oond.dcnhh veriatisn in veln frequency end tls regularity of
thelr specing was noted even within the seme leaf specimens. Reed
and Spndee de mot report the mmber of vo.hu/a# in their original
description of C: affinig, but it mey be inferred from their report
thet & leaf 4.5 om. wide led about 60 veinss Therefore, the type
specizen must lave sversged mbout 13:3 veins/ems with the buniles
belng sbout 075 ma: apart, plecing 1t et the extreme end of the
Vein frequency range es deternined in the present imvestigetions
From the width correlstione observed tids would seem to be the .
expected position of e leaf as wide ss 445 om:

There seemed hh-mvwinthdmu
‘Wileh intervedtate ribs were evident on the superficis) lemine
surfecee, even on different parts of tie saze lesf specimen« The
abexial surfece usuelly revesled e single, fairly ¢istinct, but
not overly prominent, interwediste ril sbout midway between the



‘for any long dietence. This comperes exactly with the superficial

ribbing pattern detemined by Reed and mmmm
‘(gq;
:‘ .

' éty oF Atasnstiatd superficial m{. .8 d--utm.d in tids
m, would tend toc cest serious doubts upon the reliebility of
Qh-,gn--tu treditionel relience upon superficlal ribbing pattems
in cordaiteen leaf specistion of compression matertsl.

dlh qidonll hvon ml‘umlnﬁon

nh- Mnhl quite gmuuny ty cbn«o sagittal eections

{ﬂy 81)+ Large sclerctic stranis !.nfglior end superior to the
veins sbutted ngalnt the bunile ‘sheath and the eplderis except
i besed rogtens, ith e Lo selerotic wasses someviat more



Fig. 68-70. C. offinig superficiel ribbing patterns.
Fig. 68+ Abexial surface X 7 ZCE FT1E). PFip. 69. Adexial sur-
face X 7 (CB #714). Fig. 70. Abexiel gurfece X 10. Fig. 71.
Adexiel surfece X 10. Fig. 72. Transverse section of €. affinis
mesoplyll region X 85 (8L 714-3). Fig. 75. Radial section of
Co affinig mesophyll region X 85 (3L 1288-D-a).
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solerotic strand (fig 76-n) sbout 0.1-0.2 mm: wide end extending
sbout 0.10-0:15 mm. into the mesophyll was located midway between
Ul v s oS A Ny oty ‘wipde UG Yol ar oYter
ﬁﬁu of primery and secondary superficiel ribs seen on the abex-
el lesf surfece: Under the sdexiel surface the errangement of the
kypodermal sclerotic tissue wes more verisble, mmu con=

‘sisted of 2-5 small messes of fibers (fig. 76-s). These sometimes

resulted in small superficisl strise on the sdexiel surfaee, but et
other times seemed to have no observebls effect, thus accounting
Tor the verisbility found in the externel ribbing pattern. Outi-
cles reveal thet some fibrous meteriel underlaid muck of the epi-

‘dermis, but wes extremely thin in stometsl regioriss The sclerctic

M. were composed of true fiber cells with waells 3-4 u thiek
cﬂf lumens 3-25 u in diameter. In slightly oblique transverse
dbum the lumens mppesred almost obiScured by thn thick cell
wells, but in true trensverse sections the walls were revesled

as much tidnner and the lumens often reletively large. longitu-
d1nal sections revealed the fiber cells to be tapered, often
MM; end elongeted, sversging 0.65 mm. but ocemsionaly remch
ing 245 mm. in length.

| One of the more interesting sspects of O« affinip leaves
was the mesophyll arrangement. Trensverse sections with well pre-
served mesophyll revealed it sz & rether unifors mass of fairly
lerge, hexagonal parenchyme cells, without a palisede region being
distinguishable, elthough the mesophyll nesr the adexiel side ap

peared slightly more compset (fig. 72). Excessive crushing often
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resulted in the Mofmht trensversely elongated celle
arranged in slort strande or masses in the central mesophyll re-
gion: & frequently noted lack of mesopiyll ,r?up;ﬁu in trans-
verse sections wee often rether surprising, since the vesculsr tie~
sues of the seme sections sppesred well preserved.

Radial sections revesled the mesopiyll ss enestomosing
strande of variously sheped, but ususlly verticelly elongated, paren-
chyma cells seperated by large lscunse oxtot;ltng between the sbexial
end sdexisl side (fig. 73). These strands seemed to be attached
to compect parenciymetous layers sgainst either epidermis. The
strands often epproeched esch other so closely neer the edexial
side thet ebout 3-4 fairly uniform cell lsyers sppesred to fom a
pelisede region, but with the lower layers beginning to be separsted
by slit-like lecunae. Ilowever, some rediel sections revealed a com-
plete separstion of these strends evem in thls upper region. GHeed and
Sandoe's redial section drewing (fig. 58) does not represent the
typical mesophyll condition ms was sesn in most of the radial sec-
tions exemined in the present study, bui sppesred somewhst similer
to radiel sections of the more bssal or marginal leaf regions, which
it quite likely represents.

Sagittal sectlions revealed the nnprv}l ns separate enas-
tomosing strends of tranwersely elongated cells extending between
the vagculer bundles and attmched to the bundle sheath or sclero-
tic masses« Fig. 8] ghows an oblique sagittal eection revealing s
single densely arranged layer of small perenclyme cells immediately
ed jecent to the lower epidermis with eirculer lecunar openings st
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each stomal position. Fig. 74 mmuut- e somewhet oblique sag-
T TR

ut.-x section show ‘& compeot lw.'i'nf u&hm parenciyme
cells locsted just h)n ﬂ-gwr epiderzis. The intervening mes-
e R

ophyll region betuween Maﬂiﬁ layers m;htod of cell

stranis seperated W’Wﬂly wider lacunse =s one proceeded
from the sdexial to the sbexial sides A1 ‘anxqui;fut. between
true redis] and trus sagittsl sections also revesled the mesoplhyll
as composed of apparent strands of cells, \riﬂle obligue cuts between
true sagittel snd true trensverse ssctions showed 11:1 variptions
between mesoplyll strands, no mesophyll preservetion, end rather
compect parenchymetous tissues ;

‘l'io conclugion i.-p“i-ohed, therefore, that except at the
leaf. bno end lmf lﬂ'g!lhg tbo mesoplyll of Cordeites sffinis
luvoqm e composed of & url.ol af anutmdnt plates be-
tween th. ?ue\thr blndln, orlonf,ol with bheLy umon perpendic-
uler to §oth the ln!_»’ qufnu and te the velin m!'uh, &s disgram-
lntliedly depicted in fig. 75. These plttn are qvpnra,tod by very
large lecunar -nau, un-hlvy in the middle quﬂ wx. m.l

portiot;l u. ' Netween the' mnt. pwxd' -mm cor-

daitesn M and tB’lMMWWIT’M ﬁhqo g. affinig
lm;n is notewortly. These mesoplyll plates seem to be composed
of about 7-10 cell rows from vein to vein, and nesrly an equsl num-
ber from epidemis to epidermis: The plates approached esch other
80 closely toward the edaxisl side that they formed an apparent
pelisede region, especially when viewed in rediel sections. The in-

dividual perenciyma cells of the centiral region appeared to have
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Fig. 74%. C. affinig slightly obligque segittal section
siowing compact mesopiyll neer cdexial side end separated pletes
in lover mesoplyll region X &5 (8L 1288-4). Fig. 75. Interpre-
tive diagrem of cordeitean leaf mesopiyll plates; a, edexial
epldermis} b, bundle sheath; o, mesopiyll plate; d, ebexieal
epliermia.
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almost 1oodhntrlui feces as seen in transverse view (fig. 72),
renging from 20-60 p in dm- Fowever, the cells were mctually
flattened to sbout 12-30 p in tiickness so thet in redial views they
appesred elongeted verticelly between the epidersel leyers (fig. 73),
and in segittal sections they sppesred elongsted trensvereely be-
tween the veins (fig. . 74)« The cell size and shepe was quite veri-
gble, but the size ususlly decressed slightly towerd the abaxiel
gide Intracellular mesterisl wos frequently present end gave the
eppenrance of preserved muclel and cytoplesmic materisl. The com-
pact upper palisasde leyer immedietely sdjecent to the edsxisl epi-
dermis wes usuplly composed of elmcet isodiametricel cells as seen
in ell views with diameters of 20-60 pu. The compect lowest layer
of mesophyll immedietely ed jecent to the ebexial epldermis elso ap-
peared to be composed of mlmost igodiametricel cells as seen in ell
views but with diemeters of only 15-35 jp« The mesophyll plates were
usually separsted by ebout 150 u in the centrsl end lower mesophyll
r@en., forming extremely large lecunar speces, which nerrowed
greduslly towerd the sdaxisl surfece until they beceme mere alits
between the lower "pelisede” cells. With this srrengement it is
doubtful thet one can interpret the mesoplyll of thig species ns
baving been differentisted into anything more then & very "$neipi-
ent palissde” region.

A clearly defined bundle sheath composed of 1-3 layers of
large, thin-walled cells enclosed the veins, and, excepl near the
bese, ebutted directly egainst the inferior end superior sclerotic

tmvodanil strands. The sheath wes brosdest superior to the vein,



consisting here of *mm with diameters of 25-80 p.

The sheats marrowed 1o s s gﬂluqm r to the veln,

,.Ol! S sy, '4» s.
" n*’-fh .
congisting here

t:;dr | f e o

q

4 '!h protoxy q un lmtd in the uni’nl rc;iu nt the
76
'uhhr bundle and consisted of 1-2 very narrow Qsm trechelds

-ﬂﬂﬂnﬁvﬁ nhmnwzha Mg’g}tm
-‘3‘ il sresssy X sl : .'“"awiiuh Sedareal’ peleoroil
miﬁuw“ mmwg,mm- layer of

ova vel ] & O L8 .',e«(:l"\;ni;e-
ar xyles perenciyas d&- wmnéﬁmw

inferior iy $ 57‘ Veson ¢ Ynial

Lrochelds often reached 1.5-2.0 mm. in length, while the even lerger
reticulate or pittad trachelds sotietines excesded a length of 3 mm.



Flge. 76+ Transverse section drewing of C. affinig leefl
internsl anetomy X 200; a, sdexial intermediste hypodermel sclerctic
strends; b, adexial epldemmis; ¢, mesophyll; d, superior hypodermal
sclerotic cap sbove vein; e, bundle sheeth; f, centripetal mete-
xylem; g, side trecheid strand or inner sheath; h, protoxylem;

i, phleem; j, inferior hypodermal sclerotic cep below the veinj
k£, abaxial epidermis; 1, abexial intermediate lypodermal sclerotic
strand. :

Figs 77+ Segittel view of scaleriform end reticulste
centripetal trecheids of C. effinis vein X 350 (5L 1288-1).



ients of the xylem elements
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(1879), Stepes (1905). Benson (1912), Lignier (!m) .-l others.

| Stopes describes the inner sheeth of C. principelis es en arc of

: emall, thick-walled, tracheld-like gslls, logated Just inside the
outer sheath, wileh enclosed the piloes and sttechsd %o the flanks
of the centripetal xylen where about 5-6 cells fomed s sroup on
c_l_';h‘-n. side. Such a doi'oﬁi‘iin' b.j-Q; . -‘trtﬁ-g resemblence to



Fig. 78+ Transverse section of C. offinip vein X 365
(SL 658-1). Fige. 79+ Transverse section of C. affinis vein at leef
base slowing secondary xylem L 180 (SL 1373-8-3, 10-4). Fig. Bo.
Segittal section of C. affinis vein X 180 (5L 1288-De-2). Fig. 81.

Cbligue ssgittal secticrs of C. affinls leaf siowing the correle-

tion of the epidermal pettern_wi‘.h the internsl structure X 45
(8L 1288-2=1).
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the condition found for G. sffinis in the present study, except
tiat s complete arc sround the phloes was only rerely observable-
It ie the opinion of the writer tiet the earlier imterpretation

of these latersl tracheids me sn "inner shseth of primitive treve-
fusion tissue® was sn over-zealous pttempt to epply certein concepts
of other gymrospermous folispe to what wes them considered closely
related cordeiteen leaves. The terws "inner esheeth" end "primitive
trenefusion tissue” would seem mislending, since tle elements ep-
peared to be true xylem tracheids viti seadarifors or pltted merk
ings. Even Stopes edmitted tlat these inmer sheath elements ep~
peared much more like true xylem then the transfusion tisesue of
recont cyceds. It, therefore, might seem s more logical inter-
pretation to view trese side elements simply ss e flenking devel-
opmenit of the centripetal xylem. Tide would result in s scmewhet
expiivesal condition developing in normelly collatersl bundles.

A striking feature of G. ffinis leaves slown by tids inves-
tigetion wes the complete .buip. of centrifugel xylem in gll leaf
regions elthough most other cordeiteen lesf species reportedly had
mesarch protoxylem giving rise to e mess of eentripetal xylem ebove
end an arc of centrifuzel xylem below: Reed and Sandoe asmumed thet
tils specles had mesarch protoxylem, bul fdlo:l te locate any pro-
toxylem elemenis,; or to report the presence of any centrifugel xy-
lem. This complete sbsence of centrifugel xylem in 0. affinis
makes it gimilar in this ucﬁet to Stopes’s (-i@) description of

Q- prineipslis.

Secondary xylem arrenged in even redialing rows between the
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rrotexylem end the jmﬂh observed in baesel lgd' portions,
attosting %o ths existence of some cembial motivity inG. affinie
leaves (fig. T9) = |

The pHloem timeue wag locsted in the region of the veaculer
bundle below the profoxylem, but it was only rerely preserved (fig.
76-1, 78). The phloes elements in transverse sections were swall,
t¥ir-vslled, rectenguler cells mesasuring 3=6 x 5-10 p. These phloem
cells were elongated but appesred badly crushed in longitudinel
soctione, end no sieve eress could be cleerly ldentified.

The snetomy of the lesf base diffsred ounly slightly frem
other leaf portions. Feired leaf traces from the stem divided in
gevers] sieps to form the 12-16 vescular bundles found et the base.
These besal bundles were buried in the tMvcf, unifore-appearing mee=
ophlyll, end d4id not comtect the rather uniform layers of hypodemmel
pclerotic timsue (fig. 59)+ At adout 3 mm. from the bese the vae-
cular bundles begar to dichotomize rather rapidly resalting in e
Myh frequency of veins/om. (figs 64). The hypodermel selerotic
rits beoame more prominent, snd as the lesf narrowed from the mar-
ging they begen to meke controt with the bundles (figs: 60)- A elight
eviderce of lamcunar tissue could be observed in the mescpiyll at 5 mm.
from the begse. If considersble crushing of the besal 3 em. of a
lesf had occurred, it often reduced the leaf t-hhlnul sbout 50%
end cblitersted the thin-welled cells compoeing the broad bundle
phoeth end compsct mesophyll, resulting in the commonly found sc-
cordion-1ike leaf form menticned praviously end illustreted in fig.

€1, wHeh seemed to show em excessive amount of selerotic tissue



sbove and below the bundless

seen in cuticles obteined from the mecerstion process and slso seg-
nating with Mu bends of sbout equal width (fig. 82).
Although the width of these bards veried considersbly, sbout 200 u
wne avernge. The reguler spidermal cells in the nonstometifercus
bende were elongeted mnd rectilinearly srrenged in e direction
parellel to the veine. They were rectomguler in chepe, averaging
20-£0 g in surfece dimensions, but glowing s great size varietionm
from leef to leaf and ever on the saxe lsaf. [Redinsl end transverse
sections revesled these regulsr lower epidermal cells to sversge
30 p in depth.

The stomstifercus bande were composed of stomste srranged
in lineer rows, typicelly 3 in number, but commonly 2 or &, snd
occesionally only 1 or as many ss 5 (fig. 82, 83). These bands
were located in the inter-rib regions, 2 belween eack palr of velns,
es disgrammeticelly depictad in fig. 1. Oblique segittal secticns
{fig. 81) wideh progressively cut through the epidermsl cells and
then the underlying tissue, best revealed this correlation of the
stomatiferous bends with the internal snatomy. The mecerated
cuticles thpa.&t” often gave good evidence nf‘ the position of
these stomstliferous bands in relation to the intemal leal strue-
ture by the edherance of fibrous material.

fach stomatal apparetus consisted of a peir of sunken guard
cells surrounded by 2 lateral and 2 polar subsidlary cells (fig. 87,
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90=4)+ The guerd eells Ummll end crescent-sheped in nu-ruo
view, ovel in tm:ugh m}iu (rig. ”. $0-B), and uuvhgt
hunbo-nhpd in ‘rdm viu (rig. 89, 90-0)1 aversging -bm
10-15 p in width end depth and 40 p in lengthe The guard cells fre-
My eppeared to contain granular contents es if indicating some
qﬁqunh ynuuﬂunu  The enguler hoan--ha)nnd latersl subsi-
diery cells were .lightly vider thafi the nnnal cpidoml cells
aversging 25 x 55 p in surface view, somparing quite well with Reed
and Sandoce's reported measurements of 35 x 50 u. 'rh;' poler sub-
sldiary cells wers nesrly elliptical im ;-IQ;-._ with sverege dimen-
eions sgreeing exectly with Reed end Sendce's reported measurements
of 15 x 25 ps If the ptomsta were not consecutive in o stomatal
row the polar subsidiary cells were as long as *0;!-

Cuticuler extensions overhanging the stomatal openings were
noted on both lateral end poler sulbgidiary cells in trensverse and
radisl sections (fig. 89, 90-g) forming the epistomal chembers pre-
viously reported end illustreted (fig« 51, 52) by Reed and Sendoe.
Sometimes these cuticuler extensions were pointed cutward giving
the apﬁumu of papillee somewlst similar to, but considerebly
shorter then tiose pictured by Florim (1931) for C. lingulatus (fig.
19). When tin cuticles were observed in surfece view somewhet of
e sloping depression sppenred on the inner -id-o of each leteral
subsidiary cell where it was attached to the guerd cell (fig. 90-
A~d). This circular hollow formed by the sloping of the 2 lateral
subsidiary cells end the spunken guerd cells, could be readily de-

tected by s vertical waripuletion of the micrescope's fine edjuste
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Fig. 82-87. C. affinig epidemmis in superficisl viewa.
Fig. 82. Typical sbexiel epldermal psttern with bandg of 3 stommtal
rows X 45 (8L 245-3). Pig. 85. 4 more veriant ebexial epidermal
pattern X &5 (SL 1288-Da). Fig. 84. Trpical sdexiel epidermel
pattern X 90 (81 245-1). Fig. 85. Adsxiel epidermip with frequent
stomate X 55 (8L 285-4). Fig. 86. Adexis) epidermis at the leaf
bage X 45 (8L 658-E). Fig. 87. Single stomatel apparstug of
ebexisl epidermis X 600 (3L 1288-3-2).
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nnt. and -ninhtdk‘ p’mu the same epistomal chamber ms seen
in trangverse ﬂ nﬁl sections.

the stomets in tho stometel rows were nmnsod in mtimmu cheins
with uuinsll polar -uhsidi.ﬂ cell m to 2 Wut&v. stomata,
but qopuiamlly the nrnlg-mt wes lese rq;ulnr vi& the stimatal
ch;:lna broken more froquently taurd tho bnd rogio;‘ of ’the leaf;
where only rerely were more then 2 stomatel rows cemtinuous for eny
greet distance, altiough the tidmd row could freguently be detected
bcﬁm theme ﬂn r-;uhr .pu.x-u nn. ludod vﬂhtn the sto-
nﬂ&!‘m bud. weTs genonllr mt lhortqr then those & the
mhh-&r-m Bands. Wihin seversl -mmhx- of the base the
opllixﬂ nlh murod otrtkibclv shorter mi nhnt isodiemetri-
_Olln nlthblth ﬂfll urnnged ey — ron fﬂ; 86)s an
’m Mt‘l frequency of 124/-2 ‘was detersined t)u' th. hyg

qridumq dc’.;.‘.".&“.!' e — -

- - i

l'ho cpidonml pattern of th nppor opidonh d’,fforod tm
ﬂht of the lower in the epparent gbgence of regularly tltemating
stomatiferous and non-stomstiferocus bends. l't.n epidermal cells
eppeared rather uniform and essentislly like tlose of the nonstome-
tiferous bande of the lower epidermis except thet they were scmewhat
deeper as seen in trensverse and radigl sections.

Jtomata were definitely present on the upper epldermis, con-

trary to the informetion reported by Reed and Sendoe (1951)+ These



Lower Epidermis

Fig. 88. C. affinig etomwel apparatus in trensverse section
X 600 (SL 714~1-g). Fig. 89. C. effinis stometal spparatus in
redis)l section X 400 (8L 714-F). Fig. 50. Drawings of verious
views of C. effinis stomal spparatus. A--Superficiel view; s, polar
gubsidiery cell; b, guerd cell; c, stomaj; d, hollowed depression;
e, lateral subpidigry cell. BE--Transverse view; f, epistomsl
chamber; g, cuticular extensions overlanging eplatomal chember
hy mesoplkyll cell. C--Radial view.: Fig. 91. 4 projected draving
showing the correlation of epidermsl

1l patierns with the internsl
anstomy of C. effinis leaves-



Ha-

stomete were nthf tl‘hquont on the mejority of specimens, and
usually sppesred ﬂﬁ scattered (fig. 84), end in guch cases it
wes difficult wm- eny epparent patiern excopt thet they
occurred in the inter-rib regions. Jowever, in a consldersble mum-
ber of specimens, the stomatn were fer EOre numercus, end cccurred
in definite stomatel rows, elthough often gquite separated witidn
thet row (fig. 85). Sometimes these stomatal rows were located
within 2-5 epidermal cell rows of sach other, with thelr arrenge-
ment strongly suggesting e beaic .ohilarity to the stometiferous
band arrangement of the lower epidermis. An averege stomatal
fmcy of 6/mm” was determined for the upper epidermis of

. affinie.

o The -tuahl epparetus on th- upper dpucmil was essentielly
ltko that of the lovor epldermis except that the guerd cells were
more submerged, due te the greater depth of the gubsidiery cells.
The polar subeidiery cells, seldom connecting consecutive stomete,
were not ovel but elongated to about 40 p.

Somperison of G« effinis with C. principaligs-Tils study
has slown a striking resemblance between the leef specles of C.
affinis anetomically described by Beed and Sandoe (1951) frem Amer-
ican coal buill, with the species of C. principalis anatomically
described by Remeult (1879) end Stopes (1903) from Buropeen pet-
rifactions: In view of the greet similerities between these 2
enatomicel forms, it is deemed Ioﬁlrhllo to eriticelly review the
following criteria by which Reed end Sendoe heve distinguished

their species from C- prineipalis:
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2 differences in leal tidckness,
2) differences in the distance between the hmdlu,

) msm}mﬂw . slle, and ,{iwn An C. R fiere
o a the m-a _betueen the bundl
(l) the presence in O« !‘“‘ " .:gt}né in c:.’

- of en imner sheath of GW!‘
sion tissue".

-l.uf t&&u; il pdnittedly a poor criterion for specle~
tion se 1t s qni.to dqcnhat upen vertiesl compression, but tids
stnly muhl that non-bud leef reglons of C. effini v-rld from

5—0.5 m. in uidm.... egreeing very well with Stopes's report
of O-k m. as the luf thickness of C. principalig: The distance
bohm th bundlel wae not directly stated by Reed end Sendce for
'c _@_" but it can be inferred from their messurements of lesf
t“th and tohl rumber of veins, to -vcnp ebout 0.75 =m. The re-
ﬁdil of the rruout study stowed thet the dvcugc distance between
tb vd.nn of different C. affinig lnvu uy vary from 0.36-0.77 mm.
lim the roporhl distences between the nin. of C. prinelpalis

280

vary from C45-0 .67 n., it ip not poesible to urr.mﬂ.t. the 2

fom on this basis.
| Altbough Feed end Sandoe stated ttat C. M differed
fnnlmtally rro- C. prinei is becsuse of an ubnneo of inter-
vening olongutd layeras of “lh extending between tho bundl es,
saglttal secticns (fig. 74) of the former speclies clearly revealed
ll'uvh spparent strends of cells due to the previcusly described
mesoplyll plates (fig. 75) being oriented in thls direction. Iven
transverse ue}tion- of gome congiderably compressed lesves re-
vﬁld sﬁnnnt tmnindy extending oeli strande, likely due

tc the mesophyll plates being obligquely slanted from crushing and
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seen in edge view. Khile the significence given to these transverse
parenchyms chains bg qgﬁy workers, who sometimes interpreted t&-
as possible "lateral transfusion tissue", wes perbaps far-fetched,
yet their presence in the mesoplyll of C. prineipelis end C. affinls
leeves cen not be disputed.

Reed and 3andoe's contention that C. affinie lesves lecked
the thick-walled inner shesth of "primitive trengfusion tissue"
possessed by C. prineipalis, sppears to be partly due to a differ-
ence in the interpretation of the lateral trachelds widch extended
downward either partially or completely around the phloem. While
Reed end Sendoe illustrated some of these side tracheids es the down-
ward extending points of thelr xylem are (fig. 53, 55), they did mot
ucn\éry them as part of the same tlssue widch Stopes perhsps mis-
leadingly called an inner sheath of "primitive trensfusion tissue"
(figs 36-88)+ The present study (fig. 76-g) hae revealed these side
"inner sheath' trecheids somewbst better developed then did Reed and
Sandoe's figures, yet s definite difference seems to exist between
the 2 species in tids respect, since in O« offinig bundles these let-
ersl trecheids extending downwerd only rerely if ever formed a com-
plete arc ercund the phloem, wherses both Rensult end Stopes illus~
trated such a complete arc around the plloem of L. prineipelis (fig.
34=36) -

The differences existing between the C. affinls leaves studied
in the present research end the snstomicel descriptions of C. princi-
Palis seem relstively minor, snd it is rether questioneble whether

they ere worthy of specific recognition. This view of the possible
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specific identity of these 2 spe¢ies is somewlst enhanced by the
fact thet Q. m represente e comwonly reported compression
fﬁnj in North America as well as in Europe: A nomenclatursl problem
MMJ exists since the nceiﬂrqttﬁtpjiﬂ..&“ and Sandoe
lﬂﬂ‘l‘ “!‘m itad been previcusly used Abr Grand'Bury for
another species. No mew specific epitbet 1z proposed to replace

it, hnovm becsuse it 1a believed by the mwﬂu thls Americen
SARNERAR1 L Pt dPers- L ne Punismeltal FosDORL F7Un- Sher anatonts
cal descriptions of C+ prinelpalis (Germs) Gelna

Description of Cordeites crassus bn;

- Degurrence«-During the course of thls investigetion, cosl
bells #607, #609, §&58, 870, #997, #1004, #1035, #1042, flokk, F1092,
#1099, #1103, F1117, and #1121, from the Carbon M1l Mine; CB #622,
#767, anit #1126, from the 014 Atles Mines end OB §784 and #785 from
5& Ellie ¥ines '_l.il located in the vieinity of Csksloose and Uttumwe,
W Fielded large mmbers of lecves thet could be identified ms

' belonging to C. cregsus Rem« Darreh (1940, 1941) reported the

species from tids sime sres, ms well as from the locelities of
Nalkee, Urbendele snd ¥illiewson, lowa» C+ crogsus leaves seemed
congpicucusly mbsent in all West mﬁm.w end What Cheer,
lowe, coal balls where O+ sifipis wes the domineting form. It was
“ﬂhﬁ surprising thet these two leef gpecies were not found ssso-
elated, except for & single . affiunis lesf fourd in Carbon H11

Gb $#1092, wilch cthervise contained mmercus 0. oregsus leeves. The
resson for the rether pherp distinction between the cordeitean
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range of tickmess. Altbu;b, mu-r Rensult (mm ror Derrah

af’ vari

Mmuwmwmm«mmu

Py An ¥y
“hm mtumm -l.luﬂ Mrrtinm tiat

mw. specimen m lmthuw wes ni'ut 05 mme. widle
w; m-thu Iowa ooal ulh umatmt 15 -. in thick-
M iﬂhﬂllﬁm th range ot the )uuit findings.



Fig. 92-97. Transverse ssctions of various C. crassus leaf
forme. Fig. 92. Leaf bsse X 10 (5L 1121=1). Fig. 55« Toung leef
form in bud X 45 (8L 1099-Bud-3). Fig. 94. Froximel lesf form with
extensive abaxis]l end pdexianl intermediste fiber ribs X 45 (SL 10%9-
G-1). Fig. 95« Proximesl lesf form with complete intermediete fiber
ribs extending secross the mesoplyll X &5 (BL 1121-2). Fig. 9.

Leaf form intermedliete betwesen the proximel srd diptal forme X 45
(8L 1099-P-1). Fig. 97« Typical medial or distel leal form with
the mdexigl intermediste sclerotie rib replaced by redislly extend-
ing strends of large parenciyme cells X 460 (5L 1099-F-1).
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Scott (1923) believed that the distinctly fleshy cheracter of C.
crassus leaves reflected an edaptation to xeroplytic life, but 1t
should be pointed out that the very flesly esppearance of these
leaves in petrifsctions way probebly be due as much to a lack of
inter-vein crushing Mndered by the large intermediate sclerotic
ribs, es to the originel living condition. The leaves all appeared
tidoker in the central regions snd tspered toward the blunmtly
rounded marging widch were only sbout 0.15 mm. in thickness.

The basal morphology of C+« ersgsus bas been carefully stud-
led and disgraxmmtically reconstructed in fig. 78. The leaf base
weas much tlickened and recurved, with a markedly cmu;o adexial
surface, end somewhat incurved mergins. From a basel width of 7-9
mme, the leaf initielly widened rather sharply to a 12-15 mm. width
during the firet centimeter upwerd from the bese. Thereafter, the
leaf incressed in width only graduslly at e scercely observeble
rate. The leaf base thdckness was ebout 2.0-3.5 mm. In the first
53 mm. upwerd from this much tﬂc_kold bese the leaf thickness wes
reduced markedly by sbout 50%. The leaves then tldnned steadily et
a much reduced rete for sbout 3 em., and thereafter, if the leaves
did become progressively thimnner, the procese wes so gradual as to
Po imperceptible-

The external surfeces of these leaves v;ro marked by the
parallel ribbing charmcteristic of sll cordeitean foliege: The ribs
dicilotomized frequently at very ecute engles near the bese, but less
often upwvard. The surfaces were umusually smooth, with the ribbing
sometimes scarcely visible witlout magnificetion, thus substantisting
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Renault's (1879) suggestion that the leaves of tlis species should
show omly sligit rellef« The primary external ribs gouonl;gy marked
the position of the internsl veins, amd were m’qt‘l 757 M
prominent nuonl:nry ribs meriting the position of th?l‘rsc hr»
mediste sclerctic strands. 4 tremendous range d’ veriation wes ob-
served in superficial ribbing petterns, largely reflecting the ir-
regular specing end greet verisbility in the intemal vein fregquency,
which rabged from only 15 to ss meny ss 50 veins/em. Therefore,

the distence between the veins ranged from 0.25~0.66 mm., which
represents a somewhat shorter distence then Rensult's (1879) re-
ported 0.7 mm. distance, but more in sgresment with Derrak's (1940)
11lustreted (fig. 45) distances of C.4~1.0 mm. The younger leaves
(fig. 93), identified as such from a comparison with the imnmer
leaves of & bud, possessed the grestest vein frequency, often exceed-
ing twice thet of the older leaves. The everage vein, and therefore
ym superficiel rib, frequency was sbout 26/em., with the !ﬂn'
038 mm. epart, but discounting the young leef forms 1t m'm
about 23/em., with the veins averaging O+43 mm. distance Im-i»

The primary ribs often eppeared peired due to the peired nature of
the internel veins which, at leest near the bese, dichotomized fre~
quently and subsequently separated very slowly, _conunuing long die-
tances before the large intermediste sclerctic strends developed be~
tween them producing secondary external ribs. This frequently paired
neture of the veins wes noted and figured by Derreh, who ligted it
as one of the charscteristics of tlls species.

The ribbing pattern of the edexial and asbaxial surfaces
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Fig. 98. Reconstruction of L. crassus leaf basel region
X 2 (efter SL 1121-A, 1099-K). Fig. 99. Diagram of C. grassus
abaxial superficiel ribbing pettern X 10. Fig. 100. Diegram of
L+ crassus edexial superficiel ribbing pattern X 10. Fig. 101.
Superficiel ribbing of L. cressus abexiasl surfece X 7 (CB #1099).

Fig. 102. Superficial rlbbing of C» crassus pdexial surface X 7
(ck F1099).
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appeared similer except thst the intermedimte ribs were generally
more preminent on the sbexial surfece (fig. 99~102). Often the
large intermediate sclerotic strands on ihe abexisl side caused ex-
ternal ribs just es prominent es tiose sssocisted with the veins,
resulting in as meny as 70 equal ribs/em« The superficial ribbing
nature of tids species was still further complicated by the occe-
sional ocourrence of smaller internsl sclerotic messes between the
veins and the main intemmediate sclerotic projections, ceusing
fine superficial strisme between the primary and secondery ribs.

It ¢ pomewhat disturbing to reslize that if these G- eras-
sus lesves were to be found in impression or compression material,
the seme interne]l foerm might easily be relegated Lo at least 5, if
not ?N. different compression species on the bagis of different
&uﬂt patterns. It is guite likely that just such situetions
mey sccount for the epparent paucity of anatomicel species in com-
perison to the relatively grester sbundance of described compression
species, end wey point to the doubtful relisbllity of ueing external
ribbing petterns in the cordaitesn leel speclation of compression
matertals

Anternal Anatomy.--The most ocutstanding charscteristic serv-
ing to ldentify C. crassus leaves was the extremely prominent abax-
ial hypodermsl sclerotic masses projecting far .1nto the mesoplhyll
between the vesculer bundles, often extending beyond half of the
leaf tihickness. Nevertielesa, the extent of the hypodermal sclero-
tic tissue in this species was highly variable. Hypodermal scle-

rotic masses were located above and below the veins: Frequently
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these esclerotic etrends did not directly contmet the bundle sheath,
yet, contrary te the report and illustretion (fig. 39) of Rensult
and the 1llustretion (fig. 45) of Derrah, it was found 4in tidis in-
vestigetion thet in the mejority of ceses these sclerstic strands
sotuslly did abut egeinst the bundle sheath. Occssionally there
were sdditiomal emeller lypodermsl sclerotic messes on both sur-
faten between the large intermediste ribs and iLhose associated
with the veins, but those were often absent or much reduceds The
very fleshy leaf base (fig. 52) hed e wore-or-lsss continucus hype-
demtal fiber layer, but none of the ribs projected inwerd ss far
-gﬁuxum Beyond 3 mm. from the sctual leef base, but in the
proximel region, there wes considersble sclerctic development umder
mum sbexiel and edaxisl surfaces (fig. 94), and e feirly promi-
o Bt 416 e Tererio dtouid il Fhaitel Sowrash € Filing
on the adexial side opposing the larger ore on ’tb abaxia)l eide.

it tlmes, the sbexiel end adexisl selerotic ribs joined to form a
continuous fiber berd from epldemis to epidermis between ssch peir
or 2 peirs of velns (fig. 95), similar to the conditfon reported
for 8. feliels (fig- 26) by Benson (1912). Barrah (1940) reported
that mumerous Towe coal bells conteined leuves thet mppesred to be
mich ¢loser %o G+ feliely than O+ crassus, and leter the seve avtlor
(Derreh, 1941) more definitely listed U: felicis s & form found in
Iowa coal balls. MHowever, the results of ths pressnt investigation
soemed to0 rather clearly indicete the specific fdentity of tMa
form in Iowa cosl balls with the typlcal U. cressus form, as the

transition was of'ten siown in successive gections of the ssme leafl.
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Such s tentetive conclusion in Iowe coal belle mey perhaps reise
somewhat of e question conterning the specific distinctness of the
Burepeen forss of C. felicis, G- meristerl, and G crassus, wiich
differ only slightly except for their hypodemmel sclerotic arrange-
ment, but eny such discussion is beyond the scope of tids paper.

Darrei's illustretion (fig. 45) eppears to represent s C.
crapsus leaf form with extensive sclerotic development nesr both the
sbexiaul end adexisl surfeces, such ss wes found neer the besal re-
glon in this study, sn inference further supported by the relative
tilckness of the lesf and the peired nature of the veins. FHensult's
illustretion (fig. 36) eppeers to represent a non-basal leaf portion
lecking ndaxia)l sclerotic development between the veins. In the
present study lsaves were encountered sbowing transitionsl fomms
{(fig. 96) in which the edaxiel intemmediste ribs were reduced in
size end then entirely supyplented by a mess of very large, derk-
steining, isodiemetrical parenciyme cells (fig. 97) to be discussed
leter in conjunction with the -'noplvu of this species.

Another leef form encountered in the same coal baelle differed
from the typiecal U. crepsus lesves by having excessively large scle-
rotic ceps sbove and below the velns (fig. 103). This form may
pesaibly represent snother snatomicel species found in these Iowa
cosl balle, but the personal feeling of the u:uor. yet ungupported
by sufficient evidence, is thet 1t mey be eimply e veriant form of
L+ crossus: This form did mot peem to differ snatomicslly from the
typiesl C. crassus leaves in sny other respect, snd the epidermal
‘pattern eppeured identical with the C. ersssus bessl forme
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The leaf margins of C. crassus, es in C. affinis, were sup-
ported by e considerable leyer of hypodermal ulmﬁ«o tigsue which
undoubtedly helped tc maintein uncrushed ‘—Eh hllli mﬂd edges
in petrifections.

The individual elements of these sclerotic strends were tyri-
esl fibers with oblique end wells tepering at MB‘ angles.

The cross-sectionel diameter of the fibers ranged from 5-20 p but
aversged about 15 ji, wiile their length aversged sbout 0.45 mm.
but occasionally reached 1.9 mm. The fiber walls were 2-5 n in
thickness. ‘

The mesoplyll of O crassus lesves wes tatmiq gaite sii-
lar to thet of O. effinis, but wes slightly =ore ‘*ﬁi 'ﬂ less
lacunare In meture, non-bssel, non-merginal regions of a leef,
the mesoplyll tissue was in the form of pletes or layers of cells
seperated by lecunel glits, es disgresmeticslly i1llustrated in fig.
79+« These frequently ensstomosing plates were oriented in a direc-
tion perpendiculer to both the veins and to the laminer surfaces.
Therefore, in tt‘usv.i'n leaf sections (fig. W)H'-hn plates were
frequently revealed in face view giving o denge mesophyll eppear-
ence, while in rediel sections (fig. 105) end segittel sections
(fig. 106), these plates were intersected giving the mesophyll
region the apresrsnce of ensstomosing strands .of perenchyme cells
separsted by lacunse. Renault slso reported end illustrated the
presence of these cell strends in segitial sections of this end
other leaf specles (fig. 42). The mesophyll plstes were usually

composed of sbout 11 cell rows extending batwesn the adexiel and



Fig. 105. A guestionsble leaf form with large sclerotic
caps above and below the vescular bundlee X 45 (SL 1126-1).
Fig. 104-106. Various views of C. cressus leef mesophyll. Fig. 104.
Transverse section X 85 (8L 1099-M=1). Fig. 105. FRadial section
X 85 (8L 1099-4~2). Fig. 106. Sagittel section X 45 (5L 1099-4-3)-
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sbexiel surfeces as seen in redisl sections, end § cell rows extend-
ing from vein to veln es seen in segitiel sections, bui this varied
Nith leaf tidckness and vein frequesicy. The sesopiyll plates of
th.h species seldonm extended frow vein to vein since they were in-
terrupted by the large intermediste sclerotic strendss A rether
compset lsyer of parenciyme cells lined the sclerotic ribs end the
;ﬁ;g epidermig except for open spaces sbove eech stomas Just be
mf.h the sdexiel epidermis were found 1-2 Iqxnn of compect cells,
u?ghm 1llustrated (fig. 44) by Remeult, representing e semi-~
pm-d. region. The lacuper elite near the sdexisl surface ner-
rgd.i meking the upper mesophyll more compaci then the lowers Re-
ll'x,p,} sections of younger lesves showed the mesoplyll plates epproech
%qch other so closely ss to give the appearance of s p-iiuh
layer, but in general tlds species could hx&l;.-bo designated as
baving hed 1ts mesoplyll differentisted into snytling but perhaps a
YW “incipient palissde” region. The mesoplyll cells amny
ntpl from 20-40 p in crose-sectional dtpm,, but nn only about
13:# B in depth, giving the sppeersnce of vertically elongated
¢elle in rediel sections end trensversely elongeted cells in sag-
ittal sections.

Ar unususl feeture observed in msture, ‘un-.-ba,nl leef regions
of C. crassus, where the intermediste sdexisl sclerotic rib wes eb-
gsent, wps its replecement by e rib composed of longitudingl rows of
Yery large, iscdismetricel, derkly steined, parenciyma cells ebout
40-70 p-in diemeter, rumning perellel tc the veine snd perpendicular

to the mesoplyll plstes. The trensverse sections of fig. 97 end
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104, the radiel section of fig. 105, end the segittel eectiocns of
fig. 106 end 117, revesl these chains of lerge cells. The signifi-
cance of thle feature is not known.

The vescular bundles were quite lerge, usually occupying
ebout 508, but cccasichelly es wueh es 79%, of the leef thickness.
These veins were enclosed by e well defined shesth of thin-welled
cella wideh were uhlnt;d in the direction of the vein courses.
The cells were nearly isodlametricel in transverse view (fig. 107),
but rectengular with sirsight end wells end errenged in even brick-
like rows in longitudinal section {(fig. 106, 108). The sheeth was
es wide as 6-7 cell lsyers sbove, narrowing te only 2-5 rows on the
sides, end widening sgein below to 45 cell layers. The outer layer
of tle shouth wes often compowsed of very irregulerly sized cells,
with ococasionel lerge cells altermeting with smaller ones. The
cells of thie ouvtermoet sleeth leyer were clarscteristicelly derkly
Ma-i with opaque wateriels, es previcuely reported by Rensult.
The inper leyers of the tundle shesth were generslly composed of
sugller elements. It is somewhet questioneble just whet Rensult
wes referring to in hs dlscussion of a very delicete snd well pre-
served tissue composed of elongated thin-welled cells seperating
the vesculer tissue from the sheeth. IHowever, Ms diegrsm (fig. 42)
indicates thet this tissue probebly represented whet hss been pree
ently interpreted as the inner iuen of the bundle sheath composed
of marrower elements. The sheatlh elements were 20-40 p in crose-
sectione]l dismeter and 60-175 p long. Bordered pits were noted on

some of the gsheeth slenents.
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Frequently, when the bundle shesth d4id not directly contact
the inferior end superlor kypodersal sclerctic masses, there oc-
cutred in the intervening reglon a modified type of tissuc somevhat
internediste between the norsel mecoplyll puremciyms and the true
bundle “&lﬂk‘ﬁl’iﬁﬂ%ﬂ The cells of this tigsue were somewhat
elonzated in the direction of the vein courses; but greduslly inter-
greded vith ths norzel mesoplyll colls et eltber side. The signi-
t{;o@. of these cells is not clear, but perteps tiey lend some
uﬁgam to the theory thet the bundle shestly witch Derrais {1940)
l"'ﬂbtt se of doubtful origin, may be derived fﬂl the mesoplyll.

e g protoxylem, conslsting of e few suell spirsl trecheids
of sbout 4T p in dlemeter, was loceted toward tie centrel pert of
the bundles It was meserch giving rise to e lerge wedge-shaped
m; of centripetal xylem above and ususlly, in mature leeves, a
nii'm are of centrifugsl xylem below. The centripetel xylem wes
m of small sceleriform trecheids mbout 10-20 ju in dismeter,
and lsrger scelsriform, reticulste, erd pitted trecteids in the
%qﬂuﬁ reglon of the bundle often resching 45 p in diemeter.
Some of the trecheids etteined ¢ length of 1.4 ;—- as seen in
longitudinel sections.

The centrifugal xylem usually oaulitu.l of a V-gheped arc
of 1-2 rows of relatively small and generslly reticulate-pitted
trachelds of B-20 i in diemeter. A4 row of amall parenclyss cells
separeted the centrifugel xylem from the protoxylesm and centripetal
xylem. Often the upper ends of the centrifugal xylem erc were

atteched te the sides of the centripetal xyles mess. The presence



leaf MS; Lressus, lqenteci between the protoxylem and the
ngroigs Mﬂ;‘; centrifugal zetexsles if the letter wers
> . o ,..,.u A~ .I:.;}Lu
R TR 2 1Y &’m’ﬁ#x-
Mm the ceatrifugel ayles ead the lover busile shasth elenents.
tiough the phloss cells ususlly ind disinteprated prior to fosst-
32*»*5%,&&%@“ maber of instences it was found rearkably
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Fig< 107 Trensverse ssction of C. cregagus vein X 150
(8L 1099-F-1). Fig. 108. Gegittal section of L. cragsus vein
X 150 (5L 1099-C-2). Fig. 109. Trensverse section drewing of
C. orassug leaf internsl snatemy X 100; s, adexisl epidermig;
by superior hypodemmal sclerctic strend sbove veln; ¢, bundle
sheathj d, centripetal metexylem; e, latersl trecheids or "inmner
sheat)® remnents; f, protoxylem; g, centrifugsl metaxylem;
h, phloemj i, inferior hypodermal sclerotic strend below vein;
J» ebexial epldemis; k, lerge intermediste parenchyme cells on
adexial side; 1, interuediete adexiegl lypodermel sclerotiec strand;
m, mesophyll] n, lerge ebexial hypodermal sclerctic strand.
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Fig. 110. Trensverse section of C. crassug vein at leaf
base stowing secondery xylem X 85 (5L 1121-1). Fig. 111. Super-
ficial epidermal pattern of C. cressus proximsl leef regions with
extensive lypodermsl sclerotic development and young leaves X 85
(SL 1099-Bu~19)« Fig. 112. Superficiel epidermal pesttern of C.
crassus medigl and distel leaf regions X 85 (SL 1099-Q-5).

Fig. 113-114. Superficipl views of C. cressus stometal epparetus
X 640 (SL 1099-D-2; 8L 1099-G~3). Fig. 115. Oblique sagittel sec-
tion correlating the lower epidermis with the internal structure
of . crassus lesves X 60 (SL 1099-1-2).
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much reduced, -Minoad ntuaul rows appesred to heve been edded

on the side of the sten ,w.m. bands sdjscent to the intermediate

;-h,. eventuslly forsing a very wide bend of 5-8 stomatel rovs as
’mhph‘ in ﬂg- lii lll diegrammstically depicted ih ﬂ.‘. 117-
rhgu wide stomstifercus bends occupled most of the hhl;w*ﬁl
i«’.l.;u end were separeted by n‘,u;otentit.m: bends e-f ebout half
thelr width oeougri;g at the vein regions. It was thls latter epi-
amn pattern of the aspecies that seexs to hvc, hu.u jouﬂtd and
11lustrated (fig. ho) by Rensult (1879), and Mmrhd by Seward
end Sebni (1920), es e stemetel errangement 1&5—3 uitcnnuﬁ rows.
A cloee sbservetion of the wide stemetifercus bands revealed thet o
bend was mctuslly sepersted into 2 parts by e very narrow nensto-
metiferous strip of only sbout 3 cell rows width loceted immedietely
below \v& location of the intermediate nlorottl! rl.bm The correle~
ti,on of th lower opueml pattem with the intonul leaf anstomy
ves . -us elearly shown by oblique segittal mﬁm which first

m tu-u;n the epidermel cells and then thnugh tbwni:tu
unm (av 115), but the sdhersnce of rummﬁid m
lutnhl cuticles hlu helped to reveel tﬂi uh‘“ﬁonﬂn |

4 freguently observed intemediste epidemmel rou mm

the base) pattern (fig. 111, 114) end the ro'u'nith wide stomatif-
ercus bands (fig. 112, 117), hed equel peired bands of sbout 3 stom-
atal rows resulting from the regular altermation of the stomatif-
erous bands with wide nonetometifercus bende associsted with the
vein regions end marrcwer nonstometifercus bends mescciated with
the intermediete rib regions.
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by Rensult for Burcpean C. cressus lesves was seemingly identical
to that found in the present study for Iowa specimens ettributed

to the same species (fig. 112-114), thus lending edditionel support
te Derral's cleim that twmm specificelly identical.

The nmm ull. lt thqm surfece were essen-
tially similer to those of the M‘M bande of the lower
epldermis, nvcmgi‘ 61 x ﬂ)l&t mg*;’m 21 i in depthe
An unuguel bended mm Mcuﬁld —g,snghm of the upper
epldernis, which was csused Mﬂbﬂqﬂn‘g M)n of different cell
shepes. This bulld ‘pm was m.‘ in tbu leaf forms con-
teining the intermediste sdaxinl ribs of lu-;. parenclhyma cells
[;micnoly described end illustrated (fig: 97)+ The epidermal celle
just sbove ths specialized pamm‘h\u tissue differed markedly
by being shorter, brosder, ul dw (rig. nﬁaiﬂn correletion
between the internal -nm t!luggg mlyﬂqdh and the dif-
ference in epidermal cell -m& can lum 'qnp in trensverse sec-
tions (fig. 97), but 1a wost clesrly Nyqd.qd,i.n -hnqu. sagittal
sections widch ;l'dnilely cut thlangh ‘[Jn epiderme

D
J‘Ft r“'.“

the underlying mm (rig. 117)-
Contrery to the reports of Fensult (1879) end Seward end

setrd (1920), -uﬁtu were uﬁ'ulidrvmu the upper epi-

demis of C. crasgus, but were extremely rare, with an aversge fre-

3-11- end then

quency of approximately 1/-2- These occasional stometa were found
in the inter-vein regions ususlly loceted in the specinlized bends
of shorter, tlicker epidermsl cells, and were essentinlly similsr

in structure to f.inae of the lower epidermis except that the guard



Fig. 118. C. cressus edexisl epidermel pattern in mediel
aend distel leaf portions slowing banded arrengement X 45 (SL 109%-
M-4). Fig. 119. Oblique sagittsl section showing the correlation
of the adexiel epidermel bands with the internal leaf

X 45 (5L 1099-0-2).

structure
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cells were more deeply recessed below the surface. The cuticuler
extensions of the -fnuam cells were elso u-nht more pn—
mod, ynbﬂl‘_ydﬁu 'h the presence of a thuk‘r lmr of euth
on the mcr oﬂ.&qnh-

unbgggm-—a lenfy bud of 0. ¢
obuﬂd wkich moasured 7 em. in length extending oe-plotdy through
CB #1099, with neither the bese nor epex visidle. The bud meamired
4 x 9 mm. in trensverse section where it qpurgd as 8 thrttond
oiupu- This compares with Lignier's (191}) measurements of about
7‘3 3 m - for trensverse sections of a C. stus bud, end
hmlt‘- (1879) recorded meagurements of a 6-7 mm. diemeter end
l-:b cme lugth for e O-w bud . !'hl.. G+ crassug bud wes
carefully studied in en attempt to correlate Lignier's (1913) work
of d;h!lllﬂ.ng thn H.-tologiul sequence of development frem very
yon; teo uhu leaves of C. _gngﬁg This sttezpt proved rather
unsuccessful ss even the youngest hner lnua er tha bud revealed
extensive ulcwuc tlasue, untd)otd- xﬂq, ltundh sheeth ele~-
ments, ud sode lnmr nnpwu- iumor. 2 gruhnl incresse in
luuur lllopl'vll f!vl ymcr to ollor 10&'“ wes noted, and
cmrlﬁl;ﬂ xylem was lb-ontri.n ell young leaves
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h to the tnoa-h confusion mrruunding cordaitean foli-

m s fdrl;r atcndn litereture survey wes deemed an essentisl
preliminary .t.y to any study mede of Cordai tes lmu-. Wikle ex-
anples of recorded compression species were only briefly mentloned
b‘cni‘.su‘ of thelr great number end questionsble validity, the various
-i.'wé.ny described species were more thoroughly reviewed:. The
present investigetion wes sn endeavor to help clarify some of the
texonomic confusion, by simultenecusly epplying es nm different
speciation criteris es jnl.niblo. to some of the common cordeitean
lesf fo'x-i famd in Eensas and Iowe cod bells, with an sttempt to
detersine and correlste the external ridbing, internal anstomy, end
epidermal structure of the same leavess

. Cordaites affinia Feed end Sendoe was e cordsitesn leaf form
extrewely common in all of the West Minersl, Kansas, end What Cheer,
loua, .ooul balls examined. This form was clerscterized externally
by 13-28, but ususlly ebout 13 primary Al;g/a-. alteﬁuti.n; with
a single smeller intermediste rib on the ebexiel surfece, snd 0-5
very fine intermediate ribs on the adexiel surface. Internally,
there were extensive lypodermal sclerotic strands sbutting above
and below the veins, s felrly prowinent sbexiel intermediate strand,
and 1-4 gmall intermediete sdexiel messes. The mesopiyll, not dif-
ferentieted into more than o very "incipient pslisede" region, con-
sisted of anastomosing pletes sepereted by large lacunse oriented
perpendiculerly to both the veins end the lexins surfeces. The

veing, euloﬁd by & 1-3 leyered bundle sheath, consisted of g
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lerge upper mass of centripetel metexylem summcunting the prote-
xylem, and flanked by side clusters of small tracheids wideh ex-
tended down slong the sldes of the phloem« 4n outstending charsc-
teristic of this species was the apparent lack of any centrifugal
xylem. The lower epidermis displayed an slternation of neerly
equal stometiferous end nonstomatifercus bands, the former being
composed of sbout 2-4 but ususlly 3 stometel rows. Stomata were
elso present, elihough infrequent, on the upper epidermis.

Thie Americen petrifaction species of C. sffinlg, alreedy
e texomomic misnomer, appesrs to differ in no fundementsl respect
from the Burcpean snetomical deseription of C. principslis (Germ.)
Gein., and its specific distinetness is questionable.

- LCordsites cressus Ren. was an gnstomicel leaf form identi-
fied in all of the conl bells investigeted from the Cttumwe-
Oskeloose, lowa, area+ The form wee characterized by smooth super-
ficiel surfetes heving 15-40 but usuelly sbout 23 primery ribs/om.,
with a eingle intermediante secondary rib usuelly present on each
surfece but more distinct on the ebeximl side. Intermelly the ex-
tont of the lypedermel sclerotic tissue varied considerably in dif-
ferent leal portions, conelisting of strands essocisted with the veins,
a charscteristically lerge sbexial intermediste mese extending fer
inte the mesoplyll, end en adexial intermediste strand present in
the proximel but not medisl or distel leaf regions: In more distal
lenf portions the sdexisl intermedinte sclerotic estrend wes replaced
by en unususl mess of longitudinally arrenged rows of large isodie-

metrical perencilyms cells of unknown significence. Ctherwise the
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mesoplyll was besically similer to thet of C. offinig but slightly
less lacunsr. The veins, ppclon,d by o .‘.‘M"k 2=5 layered sheath
conaisted of a smell central protorylem group, a lerge upper cen-
tripetal setexylem mass, a lower cmﬁﬁﬂsﬂTﬁtﬁf&_"ﬁg Ol
,glon_uu;uo inferior to the centrifugel are« In pﬂxindhd
port:llon: ﬂ‘ lover epidermis revealed ginple or double dﬁa‘hl
rows separated by wider ronstomstifercus bands, btut in more dis-
tel lesf portions the stowetifercus bands widened to 5-8 stometsl
rows occupying most of the Inter-vein reglon, elternating with
umgr nonsgtonetiferous meh- Stomets were present, but very
infrequent, on the upper epidemis.

The besel morphology of beth C. sffinis and C. cressus
leeves revesled tlick, semi-clesping, recurved leef bases which
widened ss well es Mng reduced in tiickness 'rnt}nr rapidly
initially, but later only gredually so. Secondgry xylem tissue
wes obgerved in the thiek besal regions of botk gpecies.

Tide study bee pointed out the extremely varisble nature
of cordaitean folisge, and especinlly the texonomie unrelisbility
of uhin(é,@.h} ribbing petterns as speeletion criteria.
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