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- ABSTRACT
‘Numerous* M1dd1e Pennsy]van1an spec1mens of Botryopterzs fbrenszs
\BQQJBotryopterts tridentata from the West Mineral, Kansas and What

Cheer, Iowa 10ca11t1es prov1de the-bas1s for an exam1nat1on of the e

vegetative features of B. fbrenszs and B tridentata and the reproduct-

1ve features of E fbrenszs. The structure ‘and anatomy of the p]ant]ets L

{stems), petioles, roots and fo]1age of both species are e]aborated
The ferti]e frond (fruct1f1cation) of B. fbrenszs is stud1ed to. deter—.
mine its branching patterns and poss1ble deve]opmenta] sequence The

spores are studied to determ1ne the var1ab111ty in spore exine

ornamentat]on and to relate that 1nformat10n 1n¢%%£:EVa1uation of the -

cr1teria used to d1st1ngu1sh one fruct1f1cat1on spec1es, B.. fbrenszs,
from the other B globosa. Imp]icatwons of aff1n1t1es between the
Botryopterldaceae and extant férns are discussed Reconstruct1ons of

B. fbrenazs and its fruct1f1catlon are a]so prov1ded.
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INTRODUCTION

Botryopteris (Renault, 1875) 'is one of the more common cerOpterid
ferns encountered in Upper Carboniferous eoal b;11s. Such notable
‘paleobotanists as Renault (1875), Long (1943), Mamay and Andrews (1950),
Surange (1952), De1evoryas and Morgan (1954), Cersin (1956), Murdy and
Andrews (1957);'H01den (1962), Phi]]ips (1961, 1970, 1974), and Galtier

. (1967 1969, 1971) have contributed great]y to our present understandlng

of the.genus.

' Botryopter{zzhes a lengthy geological history exfending from the
Calciferous Sandstone Series,:Lower'Carboniferéﬁs of Scotland, to the
Lower Pennian»of Germany. Botryopterie is known from North American
horizons ranging from the Upper, Lower Pennsy1Van1an (Wespha11an B) to
the Upper Pennsy]van1an (Msddle Stephanian)

. Coal balls collected from M1dd1e Pennsy]van1an sediments near
Hest Minera] Kansas and Nhat Cheer, Iowa have yielded vegetative

organs assignab]e to B. fbrenets and B. trtdentata as we11 as fertile

organs (pinnae))assignab]e to B. fbrsnszs

¥

. Vegetative organs were compared for the: purpose of evaluat1ng
estab11shed cr1ter1a dist1nguxsh1ng between B. fbrenszs and B.
trzdentata Fertile p1nnae were stud1ed to revea1 their branching
'patterns and possib]e deve]opmenta] sequences, while the 1nvest1gat1on
Aflof the spores provided 1nformation regard1ng the var1ab111ty of spore
.ornamentat1on. Th1s_thesis-re1ates new information obtained to our (“///—
»_understanding ofgpémenciature forfeereain species of Botryepteris.
relatiohsﬁips of the genus to other epenopteridiferns and_tp’extaﬁt

1
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ferns as well.

The History of the Genus Botryopteris and its Relationship to the Order

Coenopteridales

The genus Bptryopterts was established by Renault (1875). It was
based on sil1t1ﬁ1ed plant parts including iso!ated petioles, stems with
attached pétiofes, and a fertile frond, all of which were found in
Midd]e'Stephanian sediments (Upper Carboniferous) at Grand Croix, near
st. ftienne,_France. The character that united the above isolated plant
parts and which unites 511 members of this genus, is the omega-shaped

+ to trident- ~-shaped strand found in the petioles. »
"Renault (1875) mentioned that Grand 'Eury had found, at Autun and
st. Etienne, some 1so1ated fragments of petio]es and named them
' Raohzopterzs forensis. The form genus Ruchtopterts was earlier
proposed by Williamson (1874) to inc]ude111tt1e'understood fragments /
of supposed ferns. fheAnane has its origin from Corda's (1845) vague]éf/
defined family Rachiopterideae | '
o Corda included in the Rachiopterideae isolated fern pet1o]es that
were hairy or-naked and herbaceous or arborescent They were grooved
on the upper surface and rounded on the lower. The corltex was thick -
( and cellular, while the pith was parenchymatous The vasgular bundie
/%\ -was either 1) sing]e moon- shaped or boot- shaped inflexed or
\\ref1exed or 2) doubled or tr1pled One can conclude as 1111amson
(1874) did, that this family was vague]y def1ned thus, he rejected the
)family and proposed in its. place the form genus Rachiopteris. :

Renault (1874) described the attachment of R. foremsis to a stem.

PR



He'then‘changed the name from R. forensis to Botryopteris forensis.
Therefore, the f{rsf fossil species of the Qenus Botryopteria was B.
forensis. Posthumus (1928) states that the name Botryopteris was
'app11ed by Presl (1825, 1848) to a spécies of the extant Ophioglossaceae.
As recorded by Phillips (1961), those extant species assigned to the
genus Botryopteris have since beeh placed in Helminthospachys zelanica
by Christensen (1906). In T4AXON (24: 6§). under the heading "Report of
the Committee for Fossil Plants", there appears a recommendation for the
conservation of Botryopterts Renault.

Two other species of Botryopteris were described by ﬁenau1t (1875).
One was naméd B. augustodunipsis, which Posthumus (1926) later |
transferred to B. forensis. Corsin (1937) believed fhat B. augustodun-
;nsis was a secondary petiole of 'B. fbfensis. The second species,
Bbtryopteris dybis, based on isolated sporéngia, was later E}ansferred
by Renau]t‘(]896)ito the genus Zygopter%s.

Williamson (1878) characterized a fern,sfem with attached petioles,
which he called Rachiopteris cylindrica, from the Halifax Coal (Lower
Carboniferous, Westphalian A) of Great Britain. Later, Gordon (1910)

. and Seward (1970) referred to this species as Botryopterts cylzndrzca.‘
Bancroft (1915) reta1ned the noncommittal generic name Rachtopterts
because the reasons given by others for transferr1ng Williamson's
species to‘the genus Bqtryopterts were unsubstant1ated according. to
Bancroft's 1nferpretatfon. Bancroft (1915) a]so divided Rachtopter18
oylindrica lnto two morpholog1ca1 types. One she called Ruchzopterzs

‘/;;i%ndrzaq (type a), the other she ca]]ed Ruchzopterzs cyltndrzca (type
b) ."The latter, she’ thought to be the aquat1c form of Rachzopterzs
oylindrica. Holden (1960) was of the op1n1on that the two types of

Al



R. oylindrioca were in reality two distinct species. As a result, he
renamed R. oylindrica (type a) as Psalixochlaena oylindrica and k.
oylindrioca (type B) as Rhabdoxylon dicotomm.

Grand 'Eury (1877) described two particular types of fern
compression fossils from the Stephanian, near St. Etienne. He named
the one Schisopteris pinnata, a sterile frond, and the other Sehize-
stachys frondosa, 'a fertile frond. Later, Grand'Eury (1890) iné]uded
.S. frondosa in the genus Botryopteris, while Zeiller and Renault (1888)
inctuded both spegies under the name Zygopteris pinnata. Scott (1900,
]909. and 1920) apparently agreed with Zeiller and Renault as to the
) 1hc1usion of S. frondosa ahd S. pinnata in the genus Zygopteris.

The Halifax Coal (Nestphalian A, Lower Carboniferous) of Great
Britain yielded Rachiopterie robusta, described by Nj]]iamsbn (1880).
iHe 1]1u§tra§ed R. robusta with a single cross section; therefore, the
nature of the axis and bf its possible affinit1es'are quite uncertain,
Nevertheless, Hirmer (1928) transferred R. robusta to the genus
Botryopteris. »

‘ Williamson biayéd an intermittant role in the history of the genus
Botryopteris, describing Rachiopteris »hir"suta in 1888 and Rachiopteris’
' ramosd in 1891, both from the Westphalian A of Great Britain.
Williamson (1891) stated that R. ramosa ™
" a.May prove to be merely a more fully developed
: m%‘é’less hirsute form of Rachiopteris hirsuta
described in Memoir, Part XV., in which case it
may stand as R. hirsuta, var. ramosa."
‘This statementvbf Williamson's probably had some influence on Scdtt's-

opinion as to the validity of these last two species of Rachiopteris.

Scott (1898) transferred Rachiopteris kirsuta Williamson and

-



Rachiopterio tridentata felix (1886) to the genus Hotryopteria, He
wrongly credited Williamson with naming fachiopterts tridentata and
made no mention of Rachiopteria ramosa. Scott (1900) n his et
IN Fossii ANy, comments on the two English species of hotryop ter:s
(B. ramosa and B. hirsuta) by statina that "These two form. are very
similar, and pe}haps not really distinct.". Scott (1900) aqgain gives
credit to Williamson for naming A. c}idenrata and states that & !ri-
opteris tridentata is the petiole of Hotryopteris hrrawta. He concludes
(1909, 19263 in later editions of STUDIES IN FOSSIL BOTANY that these
two forms are very .similar and not always easy to tell apart. Scott
also gives Felix (1886) credit for the name x. eridentata, but he til]
insists that B. tridentata is the isolated petiole of . Jhirauta.

Felix (1886) described a petiole with an‘attached siphonostel ic
plantlet, and although he did not recognize the plantlet as such, he
named the specimen Rachiopteris tridentata. Phillips (1470) verified
the distinct identity of B. tridentata and suggested that i. tridentata
came from the Katharina horizon, which is designated as the boundary
between Westphalian A and Westphalian B.

From the beds of the Autun Series, a’permineraﬁized fossil plant
was. found and named Grammatopteris rigollotti by Renault (1891). .
rigollotti also has been referred to as Botryoptedis rigolicttt by
Renault (1896), quer (1908), and-TubicauZis rigollotti by P. Bertrand
(1908). However."éertrand 11909). Seward (1910), Scott (1920), Sahni
(1932), Andrews (1961), Eggert (1964), and Miller (1974) continue to
use the 6rigin$i‘name, Grammtopteris rigollottt.

The geologica]iy oldest species of Botryopteris, B. antiqua, was

described by Kidston (1908) from specimens found in the Calciferous
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Sandstone Serie;'(CU]m), from PetfyCUr. near Burntﬁs]and, Scotland.

In 1910, ﬁéiourde dﬁscribgg a Frerich specimen of B. antiqua from the
- deevaarboniferoQS strata of ESQOSt near Autun.‘ Kid§t6n (1908) notes
. thats 3 - T ) o '  _  A. ; - N

ey

7 - i o - ° ) .- . : /‘»./j:‘/\\ *
. "Botryopteris antigua is a typical member of the genus, "
. though perhaps its smallest species, and is easily
distinguished by its minlte size and the-protoxylem
elements of the leaf-trace being evenly distributed
.-and not forming prominent teeth as in the other known
“species. The tracheae of the stem are scalariform,
- not.porose.” e o
He also observes the tendency for the petiole fraCe_fb beéome simpler
in form as one traces %t back into geologicalbtimé. ‘
As;ociated sporangia from %he Lower Carboniferous of Scot]and_
~ were first attributed by Scott (1910) to the species of B. antiqua.
Pelourde (1910) fqund simi]ar'spdrahéia from.tﬁevLOWér‘CarBBniferous
(Culm)_of France and noted their reseﬁb]ance to sporanéia described by
Kidston. Galtier (1967) writéé"that the_sporang{a déscribed by
“Renault (1896) under the ngﬁes of éymeqophyZZites and Todeopsis, as
»we]Q'as’fhose figured- by Pelourde (1910),. should be attributed to
vBotryopteria antiqua from;Francé.. Ho]den‘(1962):énd.Phillips (1970)
duestioned whether the Scottish B. antiqua is identical to the French
B. antiqua. ;The'petioles from Burntisland, mentioned-by Holden, are
oval in tkansverse section, while those from Autun show a well marked
- adaxial groove.- Phi]]ips'(IQZO)fobServes that prian members from
French localities are larger. than any'fqﬁiér members of B. antiqua
from Scot]and, “Others who have de§cribed or figured associated '
| sporangia assignable to B. aniiqua,afé Sufange (TQSZ)'and'Coksin'(1937).

7

Su;ifgs's material Ca@é'ffom the Lower:Carboniferous of'Sé9t1and;_ L
Te Corsin's came Tréh the;L¢wer Catbgdﬁfenous;of France.
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- In 1877 Grand 'Eury described and'figured a sihg1e1Specimen of

Rachiopteris forensis. Later, Bertrand and’ Corne111e (1910) erected a

new species called Botryopterzs renaultz " The: spec1es was characterized

by the mode of pet1o1e trace formation and, as can be seen in a pet101e

cross secti the separat1on of ‘the rounded or oval med1an arm

from the rest f the arc- shaped vascular bund]e Cors1n (1937) trans-

‘ fer‘red Brand'Eury's (1877) Rachzopte:ms forensis to B. renauZtt

Adding to the number of spec1es of Botryopterzs, Lec1ercq (1927)

edescr1bed a new spec1es B. frazpontz from- Be]g1um westpha11an;A coal

ba1ls. Darrah (1941), from mater1a1 of the Des Mo1nes Series, M1dd1e

- Pennsylvanian of Kansas, characterized Botryopterts-radzata._ Later,

Fryn(1954).transferred both species:,B; fraiponti and B. rddiqta;_to
his new 1y¢opod genus-Paurodendron. It Was clear to Fry that |

Paurodendyon was not a fern

Mater1a1 from the Bouxharmont stratum, an age equ1va1ent of the

'Ha11fax Coal. of Great Br1ta1n, prov1ded the specimen which Kraentzel

: (1933) named Botryopteris muctlagtnosa. Th1s spec1es possesses

,d1agnost1c 'stem cortex and pet1o]e bundles. e “y

C. Bertrand and Corna111e (1910) presented a detailed hypothesis

‘explaining the sequence of changes necessary to produce a 1atera] trace

\ .
in Botryopterts fbrensts Th1s schene was 1ater adopted by P Bertrand

‘ (1913) Corsin (1937), -and Darrah (194])

Graham (1935) descr1bed Batryopterts americana in coa1 ba11s from :

the McLeansboro Group of - 1111no1s (Uppermost Carbon1ferous) Graham

/

'_(1935) exp1a1ned that vascu]ar bund]es in the petioles of B.. americana

produced 1atera1 traces 1n a manner d1fferent from that hypotheswzed

T by,Bertrand and Cornaille (1910)for B. fbrenszs. Delevoryas and,Morganf
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S/
(1954) raised the pownt that since Bertrand's scheme (1913) was

hypothet1ca] \G\aham s use of th1s Character for spec1es d1st1nct1on

o

characters, such as intraxy]ary sC vrenchyma or gum cana]s, shou]d not

~ be used to d1st1ngu1sh B. amertcana.fro fbrenszs As a resu]t they
lcame to the conc1u51on that there was no sound basis for d1st1ngu1sh1ng
) between these two spec1es _ Assoc1ated sterile an fert11e sporanq1a,
| simi]ar to those descr1bed by Graham - (1935) were noted by De]evopyast :
- and Morgan (1954) « o . ‘ -
Severa] fertile specimens were,deécribed by Darrah (1939) from
:the Des Mo1nes Series, Middle Pennsylvanian of'Iewa He ca]]ed these
;'Botryopterzs/gZobosa. Darrah dist1ngu1shed between this and the »
,fruct1f1cat1on of Botryopterts fbrensts because of the sma]]er §pore
; “size of B. gZobosa.
, Fert11e and sterile quéns were f1rst found attached by Ph1111ps
(]966) when he ascerta1ned that, “ '
\'....three prev1ous]y established Amer1can spec1es, | ;,:‘ .
Botryoptems _trisecta, B. globosa, -and B. americana, .
- are parts of a single species wh1ch has,  in turn, been:
referred to Botryopteme forens‘z,s " . .
Phil]ips (1970), after reexam1n1ng mater1a] descr1bed by. Grakam
(1935) Darrah (1939), Delevoryas and Morgan (1954) Mamay (1950) and .
‘Murdy and Andrews (1957), and studylng new mater1a1 from I1linois,
ngnsas and Iowa came to the c0nc]us1on that there were two specwes

of.Botryoﬁterzs fructif1cat1ons._ The two spec1es d1ffer in the

5



"'character‘of spore ornamentatioht ‘He designated one‘B.'omericéna- o
Graham uhich possessesﬂspores'withfa predominatelijerrucat tternf
‘ the_other,ra; giobooa, which possesses spores with a predomz;:zely
rugu1ate pattern keexamﬁning the Renau]t type material, Gaitier
':‘(1971) came to the~conc1us1on that the spore ornamentat1on of B.
fbrenszs and B americana was ident1ca1 Accord1ng to Ph1111ps (1974),
Galtier's study  of the type mater1a1 of B. fbrenSts a]]ows the _
'.1dentif1cat1on of -the same spec1es in Amer1ca, but descr1bed under the .
' ’.names of B. americana, B. trmsecta and in part spec1mens a551gned to
B: globosa ' | ' . ’ '
In an: extens1ve study of the Coenopter1da1es Cors1n (1937)
_estabfizﬁed a new spec1es of Botryopterzs ‘which ‘he ca]]ed B minor.
wSnig1revskaya (]962) as translated by Ph1111ps (1964), hlnts that
B. minor. may be a small branch of B. fbrenszs. Sn1g1revskaya writes,
- “This author [Cors1n] brought in the. new: spec1es of B. mznor '

. which, however, was represented only by a tr1v1a1
branches of the type of B. fbrenszs " : .

. Surange (1954) character1zed Botryopterts eZZLptmca and separated'

-1t from B. Heruta and B. namosa by supposed differences 1n pet1o]ar
structure.- In h1s monograph on the European spec1es of Botryopterzs,
Phillips (1970) suggested that B. ellzptzca shou]d be regarded as a e
,synonym of B hzrsuta. L =y 4

’ In 1950 Mamay and Andrews described B. trmsecta ‘now known to be
the ma1n rhizome of B. forensis. ' Because Ph1]11ps (1966) had found
”jorgan1c connectlons between B. fbrensts and B. trmsecta and because p

*‘_B. fbrensts has pr1or1ty, then B, trzseota should be p1aced in

R synomony

The next three species of Botryopterzs were sporangia species and



were described by Mamay (1950) B, fecunda, BM izzinoensis and B.
'spznosa were diagnosed by sporangial d1men51ons, spore s1zes ‘spore
morphology, and_sporevornamentation \Holden (1962) noted the
 similarity between'the'spores‘of B. i1linoensis and’ the»spores of B.
antzqua. oo v~.i ) a .-, : . o |

' Based on the forego1ng summary of the genus Botryopteris it is
possible to present”the'f011owing chrono]ogical 1ist of valid species_
of the genus: "

1. Botryopteris forensis Renault (1875)"

.

'.Bptryopteris htrsuta (w1111amson) Scott (1898) .«

.Botrqppteris5tr1dentata (Fe11x) Scott (1898)

‘Botryopteris ramosa (Williamson) Scotgg;1900)

Botryopteris antiqua Kidston (1908)
. Botryopteris renaulti Bertrand and Cornaille (1910;.,

Botryopteris~mucwlagznosa Kraentzel (1933)

'Botryopteris gZoboea Darrah (1939)

Bdt@yopteris zZZznoensts Mamay (1950)

0l ® N O o b oW N

aoéryopteéis_fecunda Mamay (1950)

- el -

V":,]1; Botryopterts spznosa Mamay (1950)

10.

This thesis dea]s with vegetative structures of B.. trtdentata and

B; fbren818 and reproductlve structures of B fbrensze. o v

. The description and classi?ication of Palebzo1c ferns have 1ong
captured the attention of pa1eobotan1sts, who have grouped them under
various comprehensive names Such as Botryopter1deae Renau]t (1875),
Inversicatenales Bertrandaand Corna111e (1004) Primofilices Arber |
(1906) Coenopter1deae Seward (1910) and Paleopter1da1es Bertrand :

(1933)
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vFor each of the names of the groups 1isted above there has been at
least one system of class1ficat1on developed. Such schemes of class-
ification have been porposed by Renault (1875), Scott (1900, 1908,
1920), Bertrand (1912. 1933, 194]), Seward (1910) Pbsthumus (1926) ,
_Delevoryas and Morgan (1954), Eggert (1964), Emberger (1968) Andrews
and Boureau (1970), and Philtips (1974). | ‘ )

The c]ass1fication used here is that of De]evoryas and ‘Morgan
(1954), who divide the Coenopter1da]es into four d1st1nct fam111es,
Anachoropterldaceae, Botryopter1daceae Stauropter1daceae, and

Zygopter1daceae The bas1c elements of this have been adopted by

- Eggert (1964), Andrews and Boureau (1970), and Phillips (1974)

De]evoryas and Morgan (1954). Eggert (1964); and Ph1111ps (1974) agree
‘that Botryopterms is best p]aced in a monotypic fam11y, Botryopter1da-
= céae. At first authors such as Scott (1900 1908, 1920) De]evoryas
and Morgan (1954), Eggert (1964) considered the Coenopter1da1es too |
' spec1a11zed to have been the ancestors of modern ferns Later

JPhi]]ips (1965 1974), Eggert and Tay1or (1936), Eggert and De1evoryas_-

”j(1967) however, consrdered some Coenopter1da1es as true ferns or

' possib]e paleophyt1c representatlves of later groups

' This later 1nterpretat1on 1ndicat1ng possible’ re]ét1onsh1ps

lbetween coenopter!ds -and true ferns 1s based, in part, on stud1es of

sporangiaI characterlst1cs It revea]s an 1mportant change in the )

'v} thinking of paleobotanists about 1nterre1ationsh1ps among the extinct
‘and extant Pteridophyta. 0bv1ous]y, any specu]atlon of phy]ogenet1c
.re]ationships has to be based on every bit of ava11ab1e 1nformation,v :

.:therefore, it is indeed encouraging to see an increas1ng amount of .

new 1nformation being presented concerning this group of plants.
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'Co]Jecting Localities and Stratigraphy

fhe,material»1nVeStigate¢,in this study was co]leeted‘at two
coal ball (carbonate petrifation) loca]ities, one near West-Minera1
Kansas and the other near What Cheer. Iowa West Minera] coa] balls,
- Middle Pennsylvanian in age, occur in the Fleming or Westm1nera1 coa]
Cabaniss Subgroup, Cherokee' Group, Desmo1nes1an Ser1es Nhat Cheer
"coal balls are also Middle Pennsy]vanian in age and a]so occur in the

Cherokee Group of the Desmo1ne51an Ser1es
Directory.Of Specihens

Each spec1men has been arb1trar11y ass1gned a letter to fac111tate
ease in referr1ng to the spec1mens in th1s study With one except1on,
. a]] spec1mens are from the west Minera] Kansas locality and are in
the paleobotan1ca1 co11ection of the Un1vers1ty of Alberta. The
.exception 1s coal. ball #A240 which is from the What Cheer, Iowa
Tocality. The coa] ba]] number for each spec1men fo]]ows |
-Pbtryopterzs forensis h e :1; : ‘ S | ‘ B
B .aSpecimen A- Coal ball 38-a . : | |
| Specimen éQJCoalfba11 38-b
 Specimen €- Coal ball 38-f-g
" Specimen Dé~Coa1'ba11 265

Specimen E- Coal ball 328>_
Specimen F- Coal ball 328
Specimen G- Coal ball 328
Specimen: H- Coal ball 328
Specimen I-;v_Coa']_ ball 335



X

surrounded by a Tow wal] of paraffin.ewh1ch restricted the actjon of .

Specimen J- Coal ball

Specimen K- Coal ball

, Specimen

Specfmen

Specimen

Specimen
Specimen
Specimen

Specimen

- Specimen

Speciﬁen
Specimen

Specimen

Specimen

Specimen
Specimen

Specimen

‘Techniques

Standard

Taylor (1965)
'Spore samples

L-
M-

N-

were fol1owed in preparat1on of ser1a1 pee]s and slides.

were obta1ned and prepared according to procedures

Coal ball
Coal ball
Coal ba11

Botryopteris tridentata

Coal ball
Coal ball
Coal ball
Coal pall
Coal ball

Coal ball

Coal ball

vCoal ball

Coal ba]]

Coa] ba]]
Coal ba]]

Coal ball

A‘Ph1111ps and Rosso (]970)

467

552
552

552
577

240
265
265
265
265
303
311
328

380
552

575
577

-paIeobotanical protedures as out1ined by Stewart and

After ]ocating Botryopteris sporangia and

spores in the coa] ball specimen, the spore conta1n1ng area was '

=
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"employed by Taylor and Eggert (1969), Zimmerman and Taylor (1970), and
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the dilute. hydrochloric acid (2%) used to release the spores from the
rock matrix. The Spores were then washed in distilled water,
dehydrated by" alcohol (50%, 70%, 90%), and stored in 90% alcohol,
Portions of the spores.sampled were mounted in Harleco Sjnthetic Resin
for light microscopie examinationl Other port1ons were spread on
- specimen stubs whlle 1n suspension, and allowed to dry These stubs
"were then prepared for exam1nation with the scanning e]ectron microscopg\\\'
(SEM). An add1tiona1 spore extraction technique ut111zed gummed tape, )
whiéﬁ was applied to the dry.~deeply etched coal ball surface where

the spores could be extracted after the initial sampling (see above).

e

The gummed tape was then pulled from the surface br1nq1nq with it the
)gesired spores. .Th1s ‘tape was subsequently cut to fit an SEM stub,

.whfch was further prepared for observation. . C



DESCRIPTION OF MATERIAL

\

General Features

Of the several known speties of Botryopteris, 1 have considered
.only two in detail in this study. ‘They are B. forensis and B.
tridentata. Anafomica]ly éndvmorphologicaliy; B. forensis is the most -
‘completely"known species.  The parts of B. forensis that have been
identified and described are rhizomes, petio]es; roots, p]antlets,{P
foliage, énd‘the fertile pinhae. -A1though B. tridentata is not a§
cdmp]ete]y known, the anatomy and‘mofphology of its petio]és, p]antjgts,

roots. and foliage have been descrfbed.' e

(8

Botryopterie forensis

B. forensis has a stratigraphic range éxtendingvffom'the Des
. Moines Series, Middle Pennsy]vahianv(middle Westphalian C) of the
U.S.A. tdeosSib]y the Lower Permian of Germany. The best deScription

‘of the form and growth habit of B. forensis is presented by Phillips

(]974).>'He'deséribe§ the plant as follows:

""The habit in the B. hirsuta line (based on B. antiqua
B. forensig) is a prostrate rhizome with a semi-erect
apex, as in Osmunda, with fronds spaced less closely
than in Twbicaulis." ‘ : .

He also states that: . .

*In B. forensis (B. trisecta of Mamay and Andrews, 1950;
Phillips, 1961, 1966) the occurrence of lateral stems on-
petiolar bases results in a dense "false stem" composed

- of hundreds of foliar members, their division and parent

. 'Stems around the main rhizome and its fronds. This
aggregation is up to 15 cm across." -

_;,’ﬁ ) .‘ . : B ]5 . - - o A . .
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In a coal ball from the Berryville locality (late Pennsylvanian)
containing a preponderance of 5. forensis, Phillips (1961) was able to
follow its rhizome for a lenggh of 12 cm. The maximum diameter of the
rhizome in this specimen is 1.0 cm, while the diameter of the largest
petiole is 7.0 mm, Corsin (1937) figures a B. forensis with a diameter
of 8.0 mm. From the descriptions provided by Phillips and others one
can visualize B. forensis as an extremely bushy. fern.that may have _
attained a height up to 50 cmk(see reconstruction, text figure 1).

The Rhizome. 1In his 1961 account of . forensis Phillips gives a
detailed account of the way in which stems and foliar members (petioles)
branch; The best descrfption of the internal structure is found in the
~._ work of Memay and Andrews (]950). Starting at the surface of a rhizome
t;eyﬂﬁepict‘the epidermis as consisting of a single layer of thin-walled
cells. These are nearly 1sod1ametr1c and measure 35 um to 50 um. The -
epiderm1s possesses widely separated, unbranched mu1t1ce11u1ar ha1rs
At their bases, the ha1rs have an average diameter of about 75 um and
arise from a group of several ep1denna1 cells. They are truncated
structures with an -average length of 900 um. Stomatatwere net obSerVEd
>among the epiderma] cells. ' |

The outer cortex consists of thin-wa]]ed ce]]s which are elongated
in_ the direCtion parallel to the stem axis. The cells are 1rregu1ar1y
engular in cross sect1on'and range in diameter from 45 um- to 90 um.

The cells of.the outer‘cortex are/smaller toward the.periphery.of the
'stem and toward the center. In longitudine1'section Mamay and
Andrews describe the outer cortical cells as having ob11que end wa1ls~
and lengths from 200 um to 300 um.

The)next zone to the 1nside is quite varlable in structure and



Text Fig. 1. Reconstruction of Botryopteris forensis showing the’
creeping habit of the rhizome and the attachment of

petioles, fo]iage.'p]antlets, roots and fruct1f1cation§.
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there is a/eorrCSponding Yack of uniformity in ity designatior . Mamay
and Andrews call it the "sclerotic-secretory tissue”; Phillips (1970)
describes it as middle cortex. He reports the presence ot a well:
defined hand of Secretor‘yt]ike cells in the middle cortex of the type
specimen of #. forensis. This band as measured by Mamay and Andrew.
fs 1.0 mm thick. Other specimens of 2. forensta lack the secretory-
11ke ceils in any part of the cortex. When present these tells have
diameters ranging from 50 um to 70 um and lengths up to 300 ym.

They also contain dark contents and are of the same shape

and orientation as those cells of fhe outer cortex. Because of
variation in position of the cells in the cortex and because of their
similarity in size and shape to cells of the outer cortex, r!think it
best to regard this sclerotic-secretory zone as part of the outer
cortex,

Although they are somewhat smaller, the cells of the inner cortex
are the same shape and have the same orienta;ion as those of the outer
cortex. Inner cortex cells have diameters of approximately 30 um and
1ength§ of 150 um to 200 ym. Phillips describes the inner cortex
as composed of small parenchyma cells and scattered cells containing
dark materials.

According to Mamay and Andrews, tissues between the inner cortex
and the xylem of the vascular strand are tob poorly preserved to allow
theif description. When seen in cross-section the xylem of the
rhizome has the appearance of a terete protostele. They were unable to
‘distinguish protoxylem strands but concluded:.that B. trisecta was
exarch, In another §tem showing the initiation of petiole trace

formation, Phillips (1961) was able to observe decurrent protoxylem
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strands which are mesarch. The’pitting on the metaxylem tracheids, .
according to Mamay and’Andrews,'vafiés with -the diameters of the
tracheids:f~1arge metaxydem tracheids have maltiseriate-reticulate
pitting and those with small diameters - have annular thickenings.

The'rhizome prodﬁces primary petiolesgin-a.l/B phyllotaxy. At the
vbasevof’eagh primary petiole occur 6ne’or two lateral shobfs, usually

“called plantlets, which served a probable function of vegetative
reprdectjon (Philtips, 1974). Petiole trace fdnﬁatibn-from the main

stem or rhizome occurs in:the ﬁanner described by Phillips (1961):

""Indicatiohs of foliar trace formétion froni primary cauline
axes are the enlargement and elongation of xylem in the
direction of emission and the simultaneous appearance of a
pair of sub-marginal groups of protoxylem. The protoxylem.
subsequently occurs higher both outward toward each margin. and
inward toward the center. . The foliar trace separates.as a
solid ellipsoid of xylem. The xylgm»segmenfBSupplied to the
trace may be either larger or smaller than the remaining
cauline xylem," - ' C
Leaves.

Foliar members (petjo1es),-- Phi}]ips’(1961)rUSes the term

P!

fo?faf member or structure'for'what Renault (f875) origiﬁET}y called
a‘petiolé. Atcording to Phillips B..fbrehéis foliar mem5€;$ have a
bi1;tera11y symmetrical xylem Strand, omegoid in cross section, and do
not bear aaveﬁtitious roots. The term petiole will be used here mainly
~ for convenience. Isolated petioles ‘range in diameter from 2.1 mm
(Philaips,‘]96]) to 8.0 mm'(Coréin, 1937). ‘As a result of the work of
Delevoryas and Morgan (1954) ﬁnd_Phi]]ips (1961) threé orders‘éf
branchfng are known for petioles. The shape of the.v%scu]ar bunh]e of
fhe petiole ranges from trident-shaped to o;ega—shaped.

The.fifft detai]ed histological descrption-of a petiole was

pr0v1déd’by Renau}t (1875). He recognized two zones in the cortex, a
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fibrous outer zone"cgnsisting'of cells with.ob1ioue end walls and'an Hif"

inner zone of ce]]s with transverse end wa]]s and sparse]y scattered
gum canals (F1gs 3, 5) Unfortunately, Renau]t d1d not name the
tissue 1ayer‘1mmed1ate1y to .the 1ns1de of the cortex. If he had, 1t
;nmy have prevented 1§ter'confusion invdifferentiating between e zoned
cortek and two distinct cortical layers. The unnameditiesue (probably
an inner cortex) 1ayeriis comoosed of small, thinlwatled Ceiis, in
which_gum cana1s;occa;iona11y occur. - Located between the unnamed
layer‘and.the vascular bdhd]e is~a layer of e1ongeted fibrous cells.
The onega-shaped vaécu]ar bundle (F%g‘ 1) contains metaxy]em with
pitted wa]]é; Petiole metaxylem pitting has been descr1bed by Mamay
and Andrews (1950) as mu1t1ser1ate ret1cu1ate and by De]evoryas and
Morgan (1954) as mu]t1§er1ate curcular bordered (Figs. 4, 6). The .
‘ -1atter@o descr1bed the pitting of the protoxy'lem which is located
at the tip of the omega-shaped vascular strand, as annular, Spiral and
-scalariform. In a 1ater’pub]ication, Renault (1896) illustrated a
pet101e with an epidermis covered with "equ1set1form hairs" which
correspond to the un1ser1ate mu1t1ce11u1a$}ha1rs descr1bed by Cors1n
(1937), Mamay and Andrews (1950), Delevoryas and Morgan (1954), and
Phillips (1961). o
_uAs_observedbe Phillips (1961), theimanner in‘which the ellipsoid
» fo]iar-Xy]envstrand:of‘the primary petiole becomes trident or omega-
shaped is as follows: . | S o -
- "Usually the tr1dentate configuration occurs after the first

lateral emission and slightly before or during the second.

Where only one lateral trace is formed,.the foliar xylem may

assume a tridentate shape before the 1atera1 trace completely

departs. The manner in which the foliar xylem strand becomes

omegoid in s ape is somewhat variable. In a specimen from
Cathoun a non- trache1da] slit occurred w1th1n the xylem on the

\
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side from which: the first lateral ‘trace departed;. the non-
tracheidal slit subsequently .opened adaxially forming a-

~narrow lateral arm. The other lateral arm was formed by a
similar s1it opening in the xylem before the lateral trace
completely separated. The xylem strand may also appear
tridentate at first and become omegoid by the abaxial exten-
sion of non-tracheidal development. In summary, the tri-

. dentate to omegoid shape of the xylem strand occurs after -

. lateral trace formation and slightly before or during
trace emission." R :

As the primény petiole thacé prq¢eéds upwa rds {ntd ;ﬁe petiole it
iﬁcreases in diameter ahd becomes more typiéa]1y omega-shapedf_‘

| Two patternslof petioje to peti61e trace fo}ﬁatfon'ﬁccur.iﬁ B.
}brensis;~ The”first patterﬁ'deséribed.by.Pﬁfllips (1961)'inv61ves‘the'

gprodutfionrOf a_sing]ellaférél trace, while in the second pattern, two

“closely spaced alternate traces arise. In the first type; Phillips
- explains that trace fg;matioh begins with a: '

"....simultaneous outward crooking of the adaxial portion of a
lateral arm.and the increase and Tateral extension of proto-
‘xylem'from“the,nearest protoxylem flange or the median arm. In
~early trace formation the crooked tip of the lateral arm comes
“+ . in proximity to the protoxylem extended from the median arm;
~ union of the two was not observed. - ' :

The adaxial part of the 1atera1,arm;becomes'progessively more
C-shaped as the group- of protoxylem extends abaxially and .
separates from the median am. . During the departure of the
C-shaped trace the."group of protoxylem derived from the median
arm joins the shortened lateral arm which has slightly. extended
adaxially. Additional tracheids are formed along the lateral
arm during and following departure of the trace.

The xylem sgrand,'therefbre, regéiné almost immediately its
.characteristic omegoid shape with prominent protoxylem
groups. -The.adaxial portion of the lateral arm involved in
trace formation ranges from about one-half to only the tip."
- The lateral trace is at £ia§tlc-shaped, but it soon changes to a
solid cylfnder'of'tracheids, Simi]ar to the protosté]ic.;au1inet;'
h ”Wstructure'pr plantlet. The protoxy1§m groups are located on the'adaxial,

face‘of the_e11ipsoid trace formed in this way. A¢cordingvto“Phi11ips,
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~ "nontracheidal islands" (nontracheary thin-walled tissue) develop
'-'1nsidé ;he éllipsdid:trécé and éxtend adaxially to fqrnffhe dmegéid-
shabed petiole bundle. )
— .'Ihé second. pattern of trace:forﬁation; ope-of the'tw0v]ateral'
_tréées ﬁsvmarkedly smailer than thé'other. As'mentioned by Phi]]ips; .
theistruéture.supp]ied by the smaller trace may be no more than a
 4ydscﬁ1arf;ed bMge in the cortex of fhe»parent petiole. The larger

'trace departS" tramarginally (a pinna trace derived from adaxial

' portion qf7the leaf\trace, but below the adaxial tips or margins of the

- leaf trace) ihstéé_ of the typiéa] marginal trace departure. PHi]]ips

(1961) further writes that:

“....the curved tip assumes.a more abaxial position along the
~ Jlateral arm. The trace segment may or may not become indis--
T\ tinguishable from the rest of the lateral arm; in cases where
' the trace segment merges, the lateral arm becomes markedly
enlarged. The main strand often regains its characteristic
omegoid shape prior to_trace departure, and the trace appears
to have arisen from the side of the parent strand. The trace
departs from the side of the lateral arm instead of the tip, i.e.
‘extramarginal, instead of marginal; nevertheless, the trace is °
marginal in formation. Foliar structures with extramarginal
- trace departure were supplied with traces of regular marginal
origin. These two methods of trace emission are Jjoined by a
series of intermediate forms and are not essentially distinct:"

The re1ationship»of’éttached primary, secondary, gnd‘téftiary
petioTes was i]]ustréted by:pelévbryas.and Morgan (1954) and'Phillips
'(1961); The orientation’of the secohdary petiole witﬁ'reSpect to the.
primary petfo]e'is approkimaté]y_so deérees. The tertiary petiole is
"orggnted:in'the>3ame b1ane.as the secondary petiole; fhus thevbranching
: ref]eqts-a transit{on from a thrée;diﬁensfonai'pattern to a two-
| diménsiona1.pattern. The penuTtimateﬂpinna'rachis (pinnulé-bearing

“rachié)‘is_arrénged'jn one plane.

'7 In’his'descriptidn'df-croZiers, Phillips notes the presence'of”



24,
méy reach lengths of

straight hairs, eXtehding from the surface,'that

1.8 mm. 7 ’

Plantlets have tekefé protosteles cdmpdéed‘of tracheids ah& bear
~adventitious roots (Phillips, 1961);v1Traces‘of'p]antlets from pefiofésL
may origiﬁate as a sihgie trace’or-one,of two alternate tréées.

Phillips (1961) intgrpréted‘those plantlets which were sUpined by a
so]ifafy[tra¢e as.béihg borne inrdistaI positidns on.petioTes,'whi]e .
those blgntlets whiéh'Wéfe supplied by one dr two é]térﬁate:traqes R

“or byfa single trace néar the»base of a petiole strand as being in

Coa

proximal positions. 'Tracés tobbasaj p]aht]ets from primary petioles
éttééhed to . the rhizpmgmmayioccur'sing1y or alternately (Phillips,
1961). The dista]’p]ant]ef’tr;ce'originaies;frdm the petiole in the
same manner as the‘fo]iar.trace a]ready‘described for\fhe first pattern
(see page 20). The difference lies in the fact fhat,the solid
eltipsoid trace of the plantlet remains closed, becomes more terete, and’
increases rapid1y'in diameter. It does not become omegoidFshaped.'

In proximal trace formation the plantiet trace originates from: a
'secondary petiole which ftse]f originated'ffom a petiole. It is ¢h€ﬁ :
possiBTe’to see in a single cross-section the.three different axes;
that of the plantlet, the secondafy petiole, and the primary petiole.
Proximal p]ant1et'tracé-f0rhation of the siné]e trace pattern pkoceedsfp
in a manner described below by Phillips (1961): |

“The C-shaped foliar trace departs [the secondary foliar tracel
from the parent foliar axis and closes to form a solid strand:

of . tracheids. Two non-tracheidal islands develop in the solid -

strand to' produce an omegoid shape. The island on the left

. occurred simultaneous with the adaxial opening of the xylem;
the one on the right occurred first within the solid strand
and then extended adaxially. As expansion of the adaxial

_portion of the lateral arm takes place, more than half of the.
~ arm separates as the cauline trace. The arm does not crook out
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or become a C- shaped trace. Reconstitution of the lateral
arm takes place rapidly by the adaxial addition of tracheids -
and by the extension of protoxy]em from the nearest median
arm tip...."

Prox1ma1 p]ant]et or cau11ne trace format1on of the a]ternate
trace pattern 1s basica ly repeated as in the prox1ma1, single trace
pattern. The smaller/of the two lateral traces may only supp?yra ‘
vascq]arized;bulge on the‘parent'petib]e‘(Phi]]jps,’1961). He further
"writesfthat: | ' . .
| "The 1aterai arm rest the main foliar axis [primaryﬁfoliar

member] becomes distinct and is perceptibly enlarged. In a

stage of incipient separation the cauline trace is connected

both to the lateral arm and the median arm. The cauline

trace undergoes rapid expansion in diameter upon departure,

and the contributing lateral arm is rapidly reconstituted."

_ ‘Plantlets -- The f1rst h1sto1og1ca1 study of a Botryopterzs
p]ant]et was produced by Renau]t in 1875 He descr1bed a poorly
_preserved p]ant]et'of B. fbrensts which lacks epidermis, roots and some
‘internbb ssues. . The preserved portion of the outer cortex cons1sts
of’s]ender f1brous ce]ls wh11e the inner zone has e1ements wh1ch have )
‘the appearance of parenchyma cells. The stele js composed of 1arge
Centrally located tracheids having reticu1aterthickenings and smaller
' periphera] trachelds show1ng sca]ar1form p1tt1ng " His f1gures show the
omega- shaped vascular traces of two pet1o]es still attached to the stem
by their cort1c1es., Y
© Mamay ahd Ahdrews (1950) descrihed the_branching sequences of
"SeVera]-proXima1 secondary pinnaed(basal p]antTets); Specifica]]yhthey
. write‘that:~ | e ‘- | : o
.L..the ‘proximal pinna appears as a separate‘ent1ty, its cortex
- having been separated from that of the petiole; here the

resemblance to a stem, except for a d1fference in size, is very
striking. Its diameter is 5 mm. , with a terete strand of 1 mm. "
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From the above statement~ one can deduce that the histology of the
basal plantlet 1s very similar to that of the ma1n rhizome, The basaT
.»plantlet should then possess an epidermis, an outer cortex , a va(:ahleN\\—“//
'middTe.cortex: an inner cortex, an-endpdenn1s, a phloem zone, and a
terete stem steTe;» From what one can determine after examining the
 figures prepared by Mamay and Andrews (1950) and Phillips (1960), this
js‘indeed the case. The presence or- absence of thevmiddle'comtex is
recognized by Phillips (1970)'as indicated by the foTTowing statement:
"In B. trisecta the distinct middle cortical zone occurs for
spme distance in attached pet101es, appears in the stems
upon the pet1oTes and also in some Targe isolated foliar
members. It is compTeteTy Tack1ng in some specimens of each
_of these organs. _ :

A sing]e specimen (557 G top) of a petiole pTantTet was found and
sect1oned ser1a11y The patterneof petiéle to plantlet traee formation
© follows the manner described by PhiT1ips (1961) for:proximal, single
| trace pTantTet or1g1n The d1ameter of the\plantlet trace as it
separates from the parent foliar strand is -8 mm x .51 mm (Fig. 7)

" Approx1mate1y 6 0 mm higher the diameter of the plantlet strand has
1ncreased to 1.14 mm (F1q. 8). L
| This pTantTet (Spec1men 577 G tOp) is approx1mate]y 1.34 cm in
flength and w1th a max1mum d1ameter of 5 x 4 mm. The plantiet produces -
one petio]e and abundant d1arch roots wh1ch arise endogenous]y and are
usuaTTy not assoc1ated w1th the petiole. ‘ ‘

‘ The -cells of the epidermis of the stem aré not ‘distinct, from the
cortical ce]]s.jmmediateTy below. Since the outer Tayer of cortex- .
| 1_1ké, ce'l_'ls is invested with typical B"oeryoptez'-«;s-hairs, it is believed
.to heuepidermaTvin natUre; The size-of the epiderma] cells range from

25.6 um to 57. 6 um (radial) ‘wide and 44 8 um to 70. 4 um (tangentiaT) in-
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breadth.

The outer cortex which lacks distinct zonation has cort1ca1 ce]ls
. with d1ameters rang1ng from 32 wm to 96 um, and with the small and
large ce]]s that are randomly intenm1xed The inner cortex is not well
preserved though its former pos1tion represented by a space can be
seen in Fig. 8. A]though a we]] preserved endodermis is not present in
the spec1men, the rema1ns of a layer of ce]]s, one cell th1ck appears
in the pos1t1on of an endodermis. Only the brownish colored outer
tangential walls-of these cells are preserved (Fig. 10). Part of theJ
ph]oem is preserved adjacent to the xylem of the stem. Here it is |
composed of cells wh1ch in some p]aces appear to be radia]]y aligned
(Fig 9). - The phloem zone ranges from 64 um to 240 um thick with -
Atindiuidual cells hav1ng d1ameters from 7.04 um to 32 um.

‘ The- hap]oste]e of the stem is ent1re]y composed of tracheids w1th .
‘the largest trache1ds in the center grad1ng 1nto sma]]er peripherally
v1ocated trache1ds (Flg 9). The stem- stele has the larger d1ameter
‘:trache1ds 1n the. centra] stelar regzon wh11e the smaller trache1ds are
located in the peripheral ste]ar reg1on Tracheid d1ameters range from
12 8 um to 96 um. No pers1stent protoxy]em groups were observed.

The gross plantiet (prox1ma] and d1sta1) features were most
complete]y clarified by Ph1111ps (1961) He found p]ant]ets attached
| to petio]es ranglng in d1ameter from 4 7 mm to 3 5 mm with stelar |
d1ameters ranging from 1.3 mm x 1 1 mm to 1 1 mm. .The longest p]ant]et
'fs 2.4 cm and bears f1ve pet1o1es in a 2/5 phy]]otaxy.f Foliar trace
formation from the plant]et stele fo]]ows a sequence s1m11ar to fo]1ar
" trace formation from the main rhizome. Ph1111ps exp1a1ns that:

‘"In proceeding up. the cau]ine structure Tnd1cat1ons of fo]1ar
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departure are the presence of two sub-marginal group§ of

decurrent protoxylem which coincide with the enlargement

and elongation of the xylem in the direction of emission.

On each side of the incipient trace is a group of protoxylem

which subsequently appears outward toward each margin and

- inward toward the center." :
The foliar trace aésumes an omega Shape upoh'éeparation from the
plantlet stele and may give rise to one or two lateral terete traces
(alternate or opposite).

tPhi]]ips (1961) has noted that‘basa1 p]ént1ets produce petioles in
a spiral with each subsequenf petiole positiohed 120 degrees from the
preceeding petiole. This positioning of the petiolesAwQu1d suggest a
phyllotaxy of either 2/5 or 1/3. The 2/5 phyllotaxy of the other plant-
Tlets described by Phi]]ibs would also suggest that the phyllotaxy of
~ the basal plantlet is é]so’2/5. Phi]]ips (1961) writes that:

‘"The first foliar member borne on the secondary cauline [basal
- plantlet] axis typically bears one lateral appendage proxim-

ally; higher foliar members bear one or two laterai appendages.

Subsequent divisions of lateral appendages have tridentate

to terete xylem strands (the smallest); each order of division

is oriented at a right angle to the preceding one where

orientation can be determined. Although the secondary foliar

structures are non-laminate, they are anatomically all foliar.

‘The branching of secondary foliar structures is strongly three

dimensional, and each lateral segment consists of a relatively

short and densely branched cluster of cylindrical branchlets."

The ‘position 6f_thé:first petiole on tHe'basa]-p]pnt]et with
respect to the main rhizome, as explained by Phillips (1970), is on the
side of the p]antle;.stem away from the main rhizome. A lateral
division-of the petiole strand usually occurs just above the point.of
‘pétio]éftrgcé departure from the plantlet stele. IR

It is known that three\dimensidna]:Branching'bccurs in fertile
pinnae and plantlets of Botryopteris foremsie (Phillips, 1974) and that
“there is a'change in branching patterns, in foliar units, from three-
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dimensional to two-dimensional (Phillips, 1961). From these observa-
tions one can conclude that in a plant of B, forensis there would exist
‘both three- dimen510na1 and two- d1mens1onal branching patterns. The
three-dimensional branchIng is assumed to represent the primitive state.

- The well-preserved plantlet specimen (577 G top) observed in this
study shows a root trace arising from the margin of the stem stele
(Figs. , 15), An 1nd1cat1on ‘that a root trace is arising here is the
hpresence of tracheids with large diameters 1nstead of those with small
d1ameters, character1st1c of the per1phera1 tracheids of a stem ste]e

At a h1gher level, illustrated by Fig. 16, the root trace is
. detached comp]ete]y from the stem ste]e and is surrounded by its own
- cortex. For additional details concern1ng B. forensis roots, see the
next section. |

The s1ng]e pet1o]e trace is 1n1t1ated by an en]argement and elong- .
atlon of a segment of the stem stele in the d1rect1on of em1ss1on (Fig.

11).. Not1ce also. that thls Iatera] petlole trace segment has started

to separate from the s1de of the stem ste]e.

‘The presence of two submarg1na1 protoxy]em groups, described by
Phillips (1961) (see text pade 26) was not observed in petiole trace
formation in specimen 577 G top The separat1on of the petiole trace
proceeds from the exterior to the 1nter1or of the stem ste]e, as a
result,,the middle adax1a1 portion: of the pet1o]e trace is the last to
detach from\the stem stele (F1g ]2) At a h1gher level (F1g 13) the
pet101e trace assumes a somewhat e111pt1ca1 conf1gurat10n and is
."comp]etely detached fran the stem ste]e A’ non trache1da] 1s]aqﬁ”'?hdn—
tracheary t1ssue) appears at one 51de of the trace The Tow ang]e of

. trace departure and lack of preservat1on d1sta11y prevented ‘further .

i
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-study of the petiole trace in this specimen.
" Roots -- Roots of B. forensis were observed by Mamay and
Andrews (1950) to arise from the stem (main rhizome), at the base of the
petiolar segment (primary petiole), and the proximal secondary pinna
{plantlet). Renault (1875) was the first to illustrate plantlet roots,
although he did not give anatomical details. Descriptive details are
restricted toAthe work of.Mamay and Andrews. (1950) who describe the
roots as having an:
. .average about .9 mm in diameter and the cortical cells
ranglng up to 50 u W diameter, lack intercellular spaces
and have rather thick walls. The xylem is diarch, consisting
of about 20 tracheids, the larger central ones presenting
mu]tiseriate—retitu]ate pitting.
In one 1nterest1ng sequence paired roots have been seen
departing at three successive nodes, the pairs departing
from petiolar segments shortly before or after the segnient
is separated from the stele. In all other cases, however,
roots seem to depart at random, and in only one case has a
root been noted to branch "
The advent1t1ous roots attached to the p]ant]et (spec1men 577 G top) -
range. in d1ameter from 542 um to 837 um. _They ‘depart in a random
.pattern and are usually not associated with petioles; In one case,
" however, a root was observed at the base of a petiole. The root
'_epidermis is usuai]y not preserved ‘wherefthe'%pjdermai cells are
preserved they are smaller 1n Cross- sect1on than the immediately
interior cort1ca1 cells. No root ha1rs were observed Roots show no:
sign of cort1ca1 zonat1on SO apparent in the cortex of pet1oles and

: rhizomes. ,A brown co1ored layer, one cell thick tentat1ve1y 1dent1f1ed

" as the endodermis, because of its position, occurs just interiog to the

- inner edge of the {tex. It completely encircles the diarch vascular

strand. A space, presumab]yfonce occupiedvby phloem surrounds the
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xylem of the root. The diarch strand of xylem consists of approximately
14 to 25 tracheids. The tracheids have uniseriate scalariform to
multiseriate-reticulate to multiseriate-scalarifomm to elliptical-bordered
pitting and range in diameter from 6.4 um to 83.2 ym. Roots lateral to
the parent root arise endogenous]y Where it can be determined, the
orientation of the vaSCUlar strand of the lateral roots is perpend1—

cular to that of the parent root strand.

Sterile foliage -- In 1896 Renault figured Botryopteris
forensis pinnules, which were identified by their "equisetiform" hairs.
~ Laminar pinnules attached to a penultimate pinna rachides having the
anatomy of B. forensis were found by Delevoryas and Mergan (1954).
A reconstruction of this portion of the piant appears in their paper,

and is the first positiVe evidence that Botryopteris foliage had
iaminaer]anted pinnules. Sphenopteris burgkensis, a Lower Permian
compression fossil from Germany, was identified as Botryopteris sp. py
Barthel (1§70). “In eomparjng pefrified B. forensis pinnules (in para-
dermal secﬁion) with those Botryopteris pinnules of Barthel's, I find
some c1ose s:m11ar1t1es These similarities are the angle of divergenee :
of the pinnules with respect to the penultimate p1nna rach1s the

pattern of the vascu]ar1zat1on of pinnules, and the distance between the
midveins of adjacent pinnules.. Two Species of Botryopterts, B. fbrensps
and B. renauzti,'arev5QOWn_to occur in Middle Stephanian sediments of
France~ therefore the'foliage deécribed by_Bafthe1\méy belong fo either
'species, or to one not yet d1scoyered d
" In cross- section, the penu1t1mate p1nna rachis shows a distinct
"gdex1a1 groove (Fig. 20). ItS»ep1derma1 cells are smaller in cross- )
'section~theh the corticai cells’fﬁnediately to:the inside. The outer

.«
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cortex. may be either homogeneoﬁs or two-zoned. The homogeneous  appear-
ance was observed in the basal region uf the penultimate pinnaurachis
(Fig. 19). Progres§ing distally from the poiht of attachment to the
parent petio1é, the cortex of the penultimate pfnna rachis becomes
distinctlyﬂtwo—zoned (Fig. 20). The cortical cells, in this area,
ranged in diameter from 16 um to 47.6 um. The smaller cortical cells are
are located towards the periphery of the oute} cortex. The endodermis
and ph]oem zone were not obsérved. The penu]timaée pinna rachis has an
omega-shaped vas¢uTar strand (Fig. 20), which possesses metaxylem with
scalariform to mu]tiseriatefEéQicu]ate to elliptical bordered pitting
and diameters ranging froh 12.8 um to 57.6 um.

Thertereté trace supplying a pinnule is derived from the tipe of-
the lateral arm of thé omega-shaped" trace in the penultimate pinna
rachis. As thevpinnU1e trace departs- from the‘1étera1)arm of the
omega-shaped trace the protoxylem group of that beccmes the proto-
xylem of the pintule t;ace. This "Iost"rprotoxylem\grﬁup in -the penulti-
mate pihna rachis gs rep]aced distally by a lateral extension of. the |
median arm of the omega-shaped trace (Fig. 21). Tface formation from
the parent'betio]e to the‘benu]timate pinna rachis occurs in the same
sequence as does distaT foliar to foliar trace formation (see page 20).
The parent petiole is approximate1y 2.0 mm and shows the typicéa
features of a B. fbrgﬁsis petio]e; o |

In cross-section the pinnu1es'show strhctuées identical to those
des¢ribed by Delevoryas.and MOrgan (1954). The pinnule is arched over
the prominanf midrib (Fig. 23).'_Hairs were observed on the pinnu]é miq—
rib,'BUt not on;the1]amfna._ The epidermis is now we1} enough pfeserved

to allow study of stomata placement aﬁd their relationship to one aﬁothert
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In transverse and peradermal sections, the pinnules show thevr broad
attachment to the adaxial region of the penultimate pinna rachis (see
Figs. 23, 29). The pinnules are oriented at angles ranging from
approximately 50 to 70 degrees to the péhultimate pinna rachis (fig~
27, 29). The pinnules reach lengths up to 1.4 cm or more. The maximum
width is 6 mm. The distance between adjacent pinnule midribs is
approximately 6 mm.

The identify of an entire pinnule is at times difficult to
determine. This occurs when the individual lobes of a pinnule appear
to cbnstitute a separate, entire pinnule (Fi§s. 27, 28, 30, 31).

The lobed edges of the pinnule laminae recurve sharply downward
making it difficult when observing paradermal sections to determine
the true margin of the leaf. The pinnules show an open dichotomous
venation pattern with alternate lateral veins arising from the midvein
of the pinnule. Occasionally, a lateral vein may dichotomise once
near the base of a short round pinnule lobe with repeated
dichotomies otcdrring as the veins approqch the margin of the lobe.

Mostlcommonly, a 1étera1 vein traverses the middle of a long or
“short, rounded pinnuié lobe and can itself produce laterals in a
pseudomonopod@branchmg pattern. These 1atterals then dichotomise
_toward the edges of the pinnule lobe (Figs. 27 - 30).

The epidermal cells, where preserved, appear to have straight
walls (Figs. 24, 25). The range in length of the epidermal cells is
19.2 ﬁm to 70.4 um, while the range in widths is 19.2 um to 32 um.

The long axis of the epidermal cell is oriented parallel to the veins.
" The mesophyl11 cells have wavy walls and interconnect with one

_anothér to enclose intercellular spaces (Fig. 26).
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Fertile foliage -- Fertile foliage of Botryopteris has

feceived many different designations in the Titerature. Among these are-
fertile petio]é, fructification, ferfi]e pinna, and sﬂgrangial struéturé.

The fertile petiole of B. fbrénsis haé.been known since the genUs
was éfeéted by Renault (18755. He was 6fothe'opinion that B. }brensis
was hetefosporous. The dimensidns given by Renaﬁ1t for this fructific-
ation are 5 cm (length) x 3 cm x 3 to 4 cm. . The pyriform fertile |
sporangia rangé in‘1ength from 1.5 to. 2.0 mm and in width from .7 to
“180 mn. Pyriform sterile sporanéia, located at the periphery of the'v
fructification; are 9 mm in length and- .4 mm in width in their greatest
.crbss-sectional diameter. Renau]t (1896) assigned a protective role to
the sdrrouhdihgasteri1e sporangia. The sporangia aré‘c]ustered in
groups of-two to many. According to Renault the(§pore$ are of two
forms; one, the multicellular "microsporeS"‘which.measure_60 to 70 um
and give the»appearancé of being muTticéTfu]ar and po]yhed}al the other
form, the "macrospores" which measure 40 um (Renau]t (1883) and are'
spherical with smooth walls. '

Darrah (1939) d1st1ngyjshéd B. globosa from é. f;mensis by the
larger spore size (70 u) of B. forensis. ‘The spores of B._globosavare ‘
reported by Darrah to rahge from 0.0Sme‘ﬁo«O.GS mm. Other than
differences in spore size, Darrah finds the two species to be similar ih
deta1ls such as the annu]us, sporangial wall, sporangial attachment and
spore number. He observed sporangia that vary in 1ength from 1.5 to
1.7 mm and in diameter from 1.0 to 1.2 mm.

After study1ng the type material of B. gZobosa from Iowa and

~'add1t1ona1 mater1a1 from Kansas and I]]1no1s, Murdy and Andrews (1957)

conc1uded‘that’a11 these specimens Qe]ong to the same species. They
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also provided an‘amended description of B. gZobosa as fo110ws:

"A massive, glonse aggregat1on of sporang1a measuring
approx1mate1y 5x5x6 cm.; ‘attached to the plant on which
- it was borne by a botryopter1d frond fragment measuring -
7.5 by 4.5 mm. which contains a w-shaped trace; the
latter gives off two rows of appendages which divide
profusely bearing several sporangia on each ultimate
extremity; entire fructification consists of upwards of
50,000 closely crowded sporangia; sporang1a are pyriform
measur1ng about 1.5 mm. 1ong and 1.0 mm, in diameter with
a massive annuTus occupy1ng about three fourths of the
area of the sporangium; the annulus is divided .into two
more or less equal parts by a longitudinal band of 2-3
rows of elongate thin-walled cells; sporangia around the
periphery of the fructification characterized by great]y
enlarged, radially elongate cells in.the distal region;
spores spherical, trilete, with a wortose to obervermi-
cu1ate scu]ptur1ng and range in size from 40-55 M.

°

Ph1111ps and Rosso,(1970), after reviewing previous work ohy
fertile Botryopteris, concluded that thére are two species of
>Botryopteri3 fructifications, B.:americand and é. globosa. Thgy state
that the fertile pinna of B. ‘americaﬁa and B. gZobosdvare not:separab1e
on the basis of sporang1a1 morphology or pinna anatomy "The two species
are, however, separated by Ph1111ps and Rosso (]970) by spore ornament—
at1on They describe B. amertcana spores as:

" verrucate to rugulate with verrucae fus1ng to a
var1ab1e extent to form bars and convo]ute r1dges,-.

and B.-gZobosa spores as:

"L vermiculate or fossulate to dense1y rugulate
w1th scattered verrucae.

Galtier (197]), after redescr1b1ng the.-type mater1a1 of B. forensis,
suggested that B. americana Spores were 1dent1ca1 to B. fbrenszs spores.

"Fertile Specimens Observed

vTable 1, page 37, provides a part1a] summary of 1nformat1on resu1t1ng
from my.study-of six fructifications, obtained from West_M1nera1,

KanSas coal balls.



o ~

TABLE 1. Data on fr‘Uctifivcations', Sporangia and spores of Botryopteris

forensie,
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The fertile pinnae complexes are usually borne at the base of a
prfmary petiole member whieh_inmediate]y terminates ih a crozier
l (Phi]iips,_]974). Occasionally, however, the attachment of the central
haxis'of fertile pfnhae'to ejther a primary parentfpetio1e or a‘setond-
ary parent petiofe has been noted (Phillips, 1970), ﬁetioleé with
‘diameters betheeh 5-7 mm‘are-cOnsidered'prtmary petiolese(Phillipﬁ;
: 1961). Using this'eriterien’l have found attachments of the centra1
»axiS of fertile pinnae to secondary‘parent-petid]ee,lwh{eh in turn may
be attached‘to primary parent petio]ee - Specimen 265 shows an attach-
ment of the fert11e axis to a pr1mary petiole, Which in turn 1s.
attached to a petiole w1th a d1ameter of approx1mate]y 8 mm. The '
- largest reported d1ameter for a- pet1o]e of B, forensis is 8 mm (Cors1n,
- 1937). In on]y one case, (spec1men 265) was the primary parent :

petiole observed to tenn1nate in a croz1er, and this was poorly

‘preserved.

Trace-Formatioh ,

Spec1men 38-a best illustrates trace format1on from a parent
petio]e (secondary) ‘to the ax1s of the fertile p1nna Trace,
formation beg1ns with a 1atera1 extension of.tracheids from the medign
arm to a position which is approximateTy_midway between the lateral
- arm tip and.the base of the median arm. These tracheids will become
tpart.of the next lateral arm of a somewhat trident-shaped vascular
strand (Figs.f33; 34). The 01d lateral arm can be seen still agzachea
to the parent’strand;, Figure 35 shows the old 1atera1 arm, i.e. the
- trace todthe fertile axfs;‘detached‘from the parent foliar strane; At

this level the trace 1s»somewhat'e1]iptica1 with the smaller tracheids
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confined to a portion of the adaxial (Ieft half) and lateral faces of
the trace. The trace lies in a p]ane perpendicular to the parent
foliar strand. D1sta11y. the trate is. still somewhat e111pt1ca1 and
the smaITer tracheary elements are confined to the r1ght half of the
adaxial face and te asposition at the tip of the developing left arm
(Fig. 36). The left arm deve]ops by the formation of non-tracheary
'tissue (Phi11ips,f1961), thch‘extends to.the.adaxial surface. In
this case_the adaxfa] opening'deve]opes simultaneousTy with the
appearance of the non-tracheary ce]]s The orientatidn of the trace is .
'slightly out of ‘the p]ane of the parent pet1o1e One can detect at’
this level (F1g 37) the 1eft arm, a median bu]ge (the med1an arm) and
a‘s]ight bulge to the r1ght Between. the median arm and the right .

A bulge is a sl1ght concavity, which is the pos1t1on into which the non—
.tracheary tissue’ isTand will eXtend.-"' ‘ ‘

/, Specimen 335 provides’ additional 1nformat1on about the 1n1t1a1
1changes in the trace to the fert11e pinna ax1s Figure 38 111ustrates
the fertile axis strand at a basal level Just dlstal to the po1nt of -
its attachment to the parent pethole. The trace has a well- -developed
A-right arm, a med1an arm, and a weak]y deve]oped left arm. A11 three
armsg{ possess sma]] trache1d5'(probab1y protoxylem) at their'tﬁps . Non=
'trach ry t1ssue is present. and extends adax1a11y to de]1neate the

of trache1ds of the trace ‘ At th1s Tevel the 1eft arm of the

xylem trace has not been d1fferent1ated At a s1lght1y h1gher 1eve1

(Fig. 39) the non-t heary t1ssue-makes its appearance It has not,

'however, becpme : ia]]y extended so as to delineate the left arm of -

thé xylem trac F1gure 40 represents a.slightly more distal Tevel. of -

the fert1]e p1n a axis and shows the left non-tracheary t1ssue
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- extended and opened out to 1solate the left arm.

Trace formation to the paired laterals d1ffers depend1ng on the j

| level at which trace format1on is 1n1t1ated The patterns,exp]ained |

| below are from a reconstructed fruct1ficat1on,.which is based on
specimens numbered 355' 38-a, and>537 No one fruct1f1cat10n has all
',the indicated patterns of trace fonnat1on At the base of the
reconstructed fruct1f1cat10n lateral trace formation from the some-
what trident-shaped parent strand beg1ns w1th the lateral extens1on of :
: trache1ds from the med1an arm. At the same 1eve1 a sma]] bulge of o
trache1ds can be seen in a pos1t10n approx1mate1y midway between the
Tateral t1p and' the base of the median arm (Fig. 41). The lateral
'extenS1on and the bulge- Join, together to’ form the next Tateral arm
(F1g. 42). The lateral trace (the outermost lateral arm) may detach.
Tduring or s]1ght1y after the separat1on of the new Tateral arm from

| the median. arm (F1g 43) The detached trace appears as-a slightly
curved bar and is or1ented perpend1cu]ar1y to that of the parent foliar ,
strand. D1sta1 to the above pos1t1on, trace fonnat1on may beg1n with
,uthe deve]opment of a protoxy]em group 1n a pos1t1on approximately mid-
way between the med1an am and‘the TateraTvarm. An extension from | |
. the median arm may or may not be produced Tf it is produced, it g

. appears before the newly deveToped protoxy]em d1v1des The length of

. the deve]op1ng arm may be accentuated by the formatlon of a non-

' tracheary tissue (F1g. 45). The protoxylem is then 1tse1f d1v1ded by
"the intercalation of non tracheary t1ssue the result is a somewhat
c-shaped trace, wh1ch is still attached to the: parent strand (F1g. 46)._
_when the c-shaped trace becomes detached it is oriented in a plane

»"perpendicular to that of the parent fo]1ar strand. In the_most distal
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regions of the fructification, trace formation begins with the

hfonnation:of~tracheids with small diameters which extend from the tip

- of the medjan.arm downward along its lateral face.

T~

‘The lateral tracheary arm is then formed by the adaxial expansion
in thetlateral'portion of the strand, of non-tracheary tissue (Figs. 47,
48). | o |

Palred lateral traces are borne on the ma1n axis of the fructific-
ation in a quadr1ser1ate (4-rowed) , alternate pattern. The higher more
~distal orders of branch1ng may be either b1ser1ate (2- rowed) or. quad—
raseriate. ‘The actual or1entat1on of the ]ateral pa1rs varies. _In
genera] the lower (basa]) lateral pawrs tend to be'or1ented towards
.the base of the fruct1f1cat1on and are pendu]ous, while the upper more
d1sta1 pairs tend to be or1ented towardscthe apex of the fertile ax1s
The or1entat1on of the pa1red laterals in specimen 38-a d1ffers some-
what from the genera] plan, in that the. a1red 1atera1s on the one- s1de
are pendu]ous wh11e the laterals on the other side are d1rected
towards ‘the apex. of the ferti]e ax1s (see reconstruct1on text f1g 2)

It is possible that the fina] spacing of paired 1aterals may be ‘due. to

ava11ab1e space. In any one pair of laterals, the ultimate divisions

| of each member tend to be located at the periphery of the fruct1f1cat1on

alternate. LT éfi/—\»

thus the most per1phera1 c]usters of sporang1a are (as seen in a cross- :

‘ sect1on of the fructiflcat1on) located on the ultimate divisions of a

particular pair member., n :
The d1stance between nodes of a]ternate pairs of 1aterals is very
short In fact, at times trace format1on to a]ternate pairs of

laterals appears to be oppos1te though the fina] or1entat1on 1s 1ndeed



"~ Text Fig. 2. Reconstruction of the fructification of Botryépteria
'fbrensis showing branching patterns. (See text for

full explanation.)
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~ Higher order branching“patterns are clearly illustrated by ﬂ
specimen 38-a. The shape of the vascular traces in orders of branching
distal to the”main fertile axis ranges. from bar to ¢ to terete in shape.
Well-defined protoxylem is often difficult to observe. In some
specimens small tracheids appear scattered along the adaxial face of
“the trace. These may be interpreted as more“or»1ess isolated proto-
; xy]em?ce1ls. It is my experience that the best way to describe
divisions of a trace is to re]ate the division to the development of
the intercalating nonLtracheary tissue. | This is contrary to the usual
- method of descr1pt1on which relates the division of the trace to the
. divisions of prOtoxylem stands. 'v

| -The non- trache1d form1ng areas may at first deve]op oppos1te one
another, on the adax1a1 and abaxial faces of the trace. D1sta11y each
" area of non- tracheary t1ssue deve]ops inwardly (towards each other),
produc1ng a trace which may be of the same or smal]er size -than the
other member of that d1v1s1on Non tracheary areas were . also observed
‘deve1oping on the abax1a1 s1de of the trace. and progress1ng towards the |
L adax1a1 face, thus d1v1d1ng the strand. |

The s]ightly curved bar-shaped trace (the trace to the pa1red

1aterals), which develops from the ax1a1 strand of the fert11e axis,
does not close as is the case w1th trace deve]opment in a d1sta1
vvegetative pet1o]e. D1sta1 to 1ts point of attachment the trace
,becomes more c- shaped and or1ented in a plane perpend1cu1ar to that of
the parent strand Short]y after the 1atera1 trace has become c- shaped,
it d1v1des 1nto two (Fig. 49). One of the resu1t1ng traces may be ) ‘
N smaller than the other, . Each of these traces is the 1nc1p1ent trace

’°for ‘a member of the 1atera1 branch pair While still in cortical
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attachment w1th each other and the parent ax1s. each strand d1v1des to
produce  a 1ateral ‘trace which will lead to an appendage at the base of
each lateral pair member (Fig. 50). The basal appendage traces occur
with a high degree of regu]arity,'deever, in some cases they are
lacking. The lateral dppendages branch to form a‘biseriate pattern (Fig.
51). S]ight]y above the level of attachment of,theilatera] appendages,
the lateral pair members are separated from each otherrand the parent
axis (Fig. 52). The lateral member to the right (Fig. 52) w%]] be
discdssed and -illustrated in order to bring out- details of its branch—
ing. Three traces and one parent strand can be seen in cross- sect1on of
the axis of th1s member pair. The two traces to the Teft originated
as a‘sing1e.trace from the parent strand, which is the strand located
at the ceriter of the axis (Fig. 53). The»trace which diVides to
bproduce the two traces above mentioned is at the point of 1n1t1at1on
‘in the same p]ane as the parent strand that it is der1yed from. As
-the trace proceeded outward it became or1ented at r1gﬁt angles to
_ the trace of ‘the parent strand. The trace then divides and the two -

)
members of that division become or{ented at an angle of approx1mate1y

90 degress w1th_respéct_to each other. One can also observe at th1s
level that the parent strand has also produced a trace to the right
which is atdright angles to.the trace of the parent strand. Figure 54,
distalbto that shown in Fig. 53, shows that each of the traces to the
_h1eft and. described aboye has divided. 1nto two. The two traces to
the r1ght or1g1na11y described as a s1ng1e trace, have become or1ented
‘perpendicu1ar to the parent strand. Each of the “two sets_of'1atera1
.traces supply a left and right pair off1atera]s having a quadraseriate '

arrangement.j The left pair of quadraseriate 1aterals‘(Figs. 55,56)
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differs somewhat from the right pair.iin that; one member of that 1eft(
» paié divides near the base of the other member and appears as a quadra-
seriate pa1r borne by the other member

The ghght pair of laterals (Figs. 55, 56) of which each member is
developed equa]{y‘and_b1ser1ate]y branched, is the common type of
.quadraseriate pair occurring on higher 6rders of brahching in the
‘fructification. '

‘A variation of branching, a pattern éomewhat intermediate between
the quadraseriate and biseriate pattern a1soiPcCurs in this fructific-
ation. Figuﬁe 57, illustrates an axis with four strands (two traces to
the right and oﬁe to the left of the parent strand). We will be
concerned only with the two traces tovthe right. They ofiginated from
~ the parent strand as a single trace, which later divides to form the two

. s
biseriate]y (Fig. 59); the other trace at this level does not supply a <»/

‘traces. One trace supp]ieé a lateral appendage, which branches

laterd{ appendage as would normally be the éase. Rather, it remains
within the parental cortex and divides into two (Fig. 61). The
destination of these traces was not determined due to the position of
"the saw kerf. ‘ .
'_ Paired laterals, which are borne on the main axis of the fruct1f1c-
ation ultimately divide by/ﬁ/two three ~or four- parted division. -
" In summany, the brangh1ng of the fruct1f1cat1on ranges from quadra-
seriate to biseriate. At times one member of a quadraseriate pair is
‘ smaller in diameter then thelothef ﬁember. vOne member of a quadra-
- seriate pair may also divide veryﬂeariy, i.e., at the base of the joined?

pair_and thus'give the appearance of being borne by the other member

(Fig. 55). In my 6pinion, the quadraseriate branching pattern
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represents the primitive branching condition (at least in the fructifi-

cation) and the biseriate pattern is derived either by suppression or

subordination of ong"member of the quadraseriate pair.

Sporangia and Spores

"Reconstruction of B. forensis sporangia has been accomplished by
Murdy and Andrews (1957), Phillips and Andrews (1965), and Galtier
(1971). The latter redescribed the type material of 5. forensis

and provided additional information on the sporangia and spores.

Sporangia -- According to Galtier (1971), the sporangia are
attached to a lateral protuberance of parenchymatous tissue, which is
fortified by scalariform tracheids. These tracheids can be followed

: 4
to the base of each sporangium. The,sporangia aregwouped in clusters

L4

o T

of 2 or 3 or many and the annulus of each 1s»or3!§ﬁ%§ Fowards the
interior of the group or cluster. |
The ferti]e, byriform1§ﬁorangia measure 1.5 mm to 2.0 mm in
length and 0.7 mm\%o 1.0 mm invw%dth. The sporangial wa11\u§ua11y
appears as a single layer of cells, thoﬁgh occasionally an inner
layer was observed. The sporangia are bilaterally symmetrical, possess-
ing an annulus that occupies 2/3 of the proxim31 face. The annulus
\(»extends from theipedicel Eo a‘position'somewhat below the apica]'région
of the spgraqéium and té;a degree along>the‘1atera1‘faces.' The annular
cells are 1ar%e, héxagonal;\and é]ongated paré]]e]’to the sporangial
axis. These cells near the distal apex of the sporangium are iso-
diametric. The pedicel of the sporangium is formed of small cells

with relatively thick walls.
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Dehiscence is 1ongitudipd] and is effected by-a band of e1ongated
ce11s (3-4 cells wide), which extend from the distal region of the
sporangium to the pedicel;opposite the ahnu]us; Tﬁe rest of the
sporangia1 wall consigts of large cells either polygonal or s]ightly
sineous in shape. ’ “ |
GaTtier (1971) describes the beriphera1 sseri1e sporangia as being
0.9 mm in léngth to 1.3 mm ih length and containing an internal tissue
~of po]yéona] ce]fs The ce]]svof’the wall in the distal regﬁon are
very elongated 1n the rad1a1 d1rect1on and terminated by a rounded
point. He states that these ce]]s appear to be modified non- annu]ar
cells. | 'S _ |
Immature sporangidQ’]ocated in the central region of the fructific-
ation, have e sporangia] wall composed of cells that appear matured.
The interior.of'the'sporengia, however, consists;of's1ight1y altered
spores and a'tissue of po]yhedra1 ce]is 50 - 60 pym to 75 - 90 um in size.
Some spores are grouped in tetrads, while others show a trilete mark
'and possess a d1st1nct ornamentat1on These polyhedral cells may be
thg. mu1tjce11u]ar icros ores" described by Renault (1836).
—’.Sporangiabbbserved-in thfs $tudy came from the West Mineral local-
. ity and.compare c105e1y;With~sporangia descrjbed by Ga1t%er (1971) from
fthe typebmateriai; therefore, @prpho]Ooioal and anatomical details
" need not Bevrepeated. ’ _ |
- Figures 73, 74 show fertile End“sterile sporangium wifh distai,
radially-elongated cells. .
| SteriIe sporangi;a%re either empty or filled with a parenohymatous
¢tissue; If they oecur, the sterile sporangia, if present; generally

i

are restricted to the pe;iphery,of the fructification where they are &%

AN
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borne‘on the distal, ultimate appendages. These Sporangia may form an
irregu]ar layer surrounding the fruetfficatfon The peripheral 1ayer
of sterile sporang1a is often d1scont1nous with the gaps in the ]ayer
being filled by fertlle Sporangia. In some fructifications (Fig. 63)
the coVer1ng 1ayer ‘of ster11e sporangia may be absent In this case,
most of the per1phera1 sporangia are fertile. The variability in the
number of sterile sporang1a between fruct1f1cat1on spec1mens (which
were sectioned transverse]y or 1ong1tud1na1]y) can be seen in Tab]e
2.

There is a genera] trend (except1ons Specimen: 265 and 1n part
specimen 537) for the lengths and w1dths of’ sporang1a to be ]ess 1n
the per1phera1 Zone than 1n the 1nterna1 zone, The sma]]est sporang1um
measured was 346.78 um 1in its greatest dlameter (spec1men 265), while
the largest measured was 1102. 5 um (spec1mens 38-a, 38- b) The

shortest sporang1um length measured ‘was | 472 5 um (spec1men 265) wh11e

4the 1ongest measured was 1320.0 um (spec1men 38-a). H1stograms of

measured dlameters and 1engths of sporangla for each fruct1f1cat1on

,spec1men can be seen in Tab]e 3.

'S ores -~ The spores redescr1bed by Ga1t1er (]971) are of two

forms. They are essent1a11y of the. same d1mens1ons and can be found

rw1th1n the same sporang1um One form is subspher1ca1, tr11ete, and

prov1ded w1th a d1st1nct ornamentat1on The other form has a po1y-
h’dral shape and ]S apparent]y mu1t1ce11u1ar

The ornamented spores have equator1a1 d1ameters rang1ng from

o 42 to 62 um The rays of the tr11ete mark are stra1ght and range- from

12 to 24 um in length "The ex1ne 1s ornamented w1th var1ab1e dens1t1es
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Table 3. Histograms showing the distribution of spore sizes from

Botryopteris forensis’ fructifications.
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of verrucae and rugu]ae These elements can be gjrcular or elongated
to create irregular sinuses. The elements se1dom exceed‘l.o m in
width or height. There is no observable difference in ornamentation
~ between distal and prox1ma1 spore fdaces.

The po]yhedra] spores are of the same d1mens1ons or slightly

sma11er (40 to 55 um) than the other spore form. They possess a
tr11ete mark and an ornamentat1on comparab]e to the spores descr1bed
~ above. Ga1t1er attr1buted the appearance of these po1yhedra1 spores to
the'process of foss111zat1on He found little evidence to 1nd1cate
heterospory as suggested by Renau]t | o |

. Botryopteris fbrenszs spores in this study range in d1ameter from
21.96 - m to\51.24 ‘m. The exine ornamentation varies from being
psi]ate to dense]y ruguTate (see Table 3 anddspore histOgrams). Based
“on. the observat1on of pee]s showing spores w1th1n sporangia, it. appears'
~ that there is a w1de range in the sizes of spores within any one
fertile sporang1um. A similar’ nc]us1on based on deep]y etched
sectfons of sporangia \was made / y Ph1111ps (1970).-~Spec1mens 537,‘

38- a, 38- f and 265 (based on peels only). showed no s1gn1f1cant '

":d1fferences 1n spore s1ze or ornamentat1on that cou1d be re]ated to the

level in the fruct1f1cat1on from wh1ch ‘the spores were macerated The
) fructification speC]mens Tisted aboye Tack observab]e spore tetrads(
, the’majority of:spores'possess some'degree of ornamentation. Ps11ateg'
spores do .occur, but: they are’ rare '

Fruct1f1cat1on 38 b (1nterpreted as bewng the 1east mature)
. possesses most1y ps11ate spores (some of wh1ch were st111 in tetrads)

(Fig 82) 0ccas1ona11y, spores w1th a verrucate venm1cu1ate ornament—

. at1on were observed (Figs 84, 86) ‘Many of the sporangja1 walls are -
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completely broken down; as a result, there is a large number of
dispersed spores within the matrix, ontside of‘the.boundaries of the
fruct1f1cation '\ |

Genera]]y speak1ng, the prox1ma1 and d1sta1 spore faces.do not
_differ significantly. Nhen differences do occur however, they are’
" not related to the Si;e of spore (compare Figs. 9%, 92)5 Not1ce that
the interradialgareas of.the proXimaT face of the one spore (Fig. 91)
.llack ornamentation- while a spore ofdcomparab1e siie possesses a\we11-
vornamented prox1ma1 face ' 7 | | J
| Spoqes of spec1men 537 show the greatest degree of fus1on of :
verrucae. and they proved to be useful in 111ustrat1ng the range of ~
'exine ornamentat1on patterns one can observe in spores of B.. forensts.
Figures 93 to 97 represent a poss1b1e sequence, showing the stages of the:
deve]opment or e]aborat1on of eane ornamentat1on Figure 93 shows a
..spore with ornamentat1on e]ements wh1ch are not as dense1y spaced or as
prom1nent as are the elements on the spore 111ustrated by Fig. 94.. I.
" Fig. 94, wh1ch represents the next stage of exine dexglopment, not1ce
that the verrucae show a range of d1ameters ‘and irregular distances<
between verrucae. . Certa1n verruca are s11ght]y attached to each’ other
by thln rods of depos1t1ona1 mater1a1 wh11e others are attached by
"-more substant1a1 connect1ons form1ng short rods or vermiculae. When
:these short bars Or somewhat Jonger vermiculae become more numerousf
_among the scattered verrucae but do not anastomose extens1ve1y with
each other, then the next stage of exine e]aborat1on 1sareached (Fig.
95). F1gure 96 111ustrates a more advanced developmental- stage in which "

the short bars or vermicu]ae are fused with each other tn form an

fanastdmosingrpattern;A_Not1ce that the verrucae which mak. p the fused



»elements‘can be roughly deliminted by observing the‘positions of
constrictions within a short bar’or.vermicu1a. “This last ornamentation
pattern: I would call rugulate, while the previous patterns'wou1d be
called verrucate, verrucate-vermiculate, or vermiculate depending on

~ the degree of fusfon between verrucae. The final deve1opmenta1”stage,
represented by F1g 97, shows ‘the short bars or vermiculae fused to
each other form1ng a dense]y rugulate pattern The 1nd1v1dua1

verrucae of the fused elements cannot be de11m1ted Gradations

between the deve]opmenta] stages occur -

| Fruct1f1cat1ons 38- -a, 38-f, and 265 (based on peels) possess
spores w1th exine ornamentat1on ranging from ps11ate to verrucate to
verm1cu1ate (see Figs. 64- 71) - The spores of these fruct1f]cat1ons do
not show the degree of fus1on among fused elements as -do spores of
'9pec1men 537,' Thls-fact-may 1nd1cate that spec1menV537 was more

- mature (based on spore ornamentation) oF produced more sporopollenin.

.Betryoptéris tridenta_td ‘

Botryoptertis trzdentata, f1rst descrmbed 1n 1886 by Fe11x as
' 'Rachtopterws trtdentqta is: known from the U S. S R, West Germany, and—"
L‘the u. S. A . It has a strat1graph1c range extending from the Westpha11an ;

A- B boundary of West Germany (Kather1na horizon) to North Amer]can '

, sediments (Bevier coal), wh1ch are equivalent in age to thecbasaT \

-Nestpha11an D (Phillips, 197D 1974 Kosanke et all. 1960 Kosanke,.

1969). ‘ | | R
l'The,nain rhizome‘and fértiTe organs'are‘not Ehown, while petioles,

' p1ant1ets;land-1aminar‘pinnu1es have been- described.

{4
Cfs
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B. trwdentata has been extensively studled by Phillips (1961, 1970,
1974) and Snigrevskaya (1961), as a result, the materials studied here
will serve to illustrate anatomical and morphological details brought to
light by the former authors as well as to prov1de new 1nformat1on

concern1ng the species.

Leaves (petioles)

Petio]es vary in diameter fromvb.zs mm' (Snigrevskaya, 1961) to
6.0 mm (Phi]]ips; 1961). The smallest petio]e‘(non—laminar) observed in
‘ thisbstudy ista penultimate pinna rachis which is approximately 1.0 mm
~in diameter. Three successive and connected orders of “petioles are -
zknown from the work ‘of Sn1grevskaya in 1961 and the work here Ph11]ips
'F(1970) prov1ded an emended- d1agnos1s of B. trzdentata and stated that ai‘~
pet1ole possesses a: . o - a S )

", ...bilateral symmetry, flattened to s]1ght1y convex -
adax1a1 face with rounded abaxial face and sides,...."

F1gure 104, 1]1ustrates a typ1ca] pet1o]e )

Ph1111ps (1970) descr1bed the epidermal ce11s as beJng up to 75 um
' thick, square to rectangG;;;3 and larger than the under1y1ng cort1ca1
- cells (F1gs 106, 107) Mu1t1ce11u1ar un1ser1ate ha1rs are up to 2 0 mm
in length (Ph1111ps ]961) and borne .on mu]t1ce11u1ar ha1r bases, the
largest of wh1ch are found on B, ramosa and B. trzdentata (Ph1111ps,
1970) O |

“The outer cortex is’ most connnn1y composed o?sun1form1y, thick-

walled ce]]s. Cells in the outer region of the outer cortex often have

;, dark COntents Th1s g1ves these cells a th1ck-wa11ed appearance and

‘the outer cortex as a who]e -a two-zoned appearance (Fig. 106) In other

~
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specimens of petioles the outer cortex does not show this two-zoned
appearance even though the cells of which it is composed are thick-
walled (Fig. 104). The_innermost "outer" cortical cells are smaller '
in diameter than the other outer cortical ce11s and often tangentially
. flattened (Phi]]ips, 1970).  Proceeding outward from these innermost.
‘cortica1 ce1]s, cells of the cortex attain diameters up to 85 im and’then
diminish in diameter't0wards the epidermis (Phi]]ips, 1970). In longi-
tudinal section, the outer cortex can be divided into an inner zone of
cells. w1th transverse end walls and an outer zone of ce]]s viith ob11que
‘end walls. The cells w1th transverse end wa]]s range in length from

62 um te 1007.5 um, wh1]e in w1dth from 31 ym to 77.5 um (from a petiole

7-mm x 3 mm). The Tengths of the ce]]s with oblique end walls range

from 139.5 um to 1007. ength, while, widths range from 23.25 Hm

to 46.5 um.

-

An inner cortex ﬁay hay notroccur dn a petiole. Usually the
region betweeh”the'vascular bundle and the outer cortex is not preserved.
'Ph1111ps (1970) observed a pet1o]e 2. 8 mm X 2 2 mm thlck w1th parenchyma'
between the xylem and outer cortex wh1ch was d1fferent1ated 1nto two
zones He suggested ‘that -the outer zone may be an inner cortex ,Inner
»cort1ca1 zones are known to occur in pet1o]es of B. fbrenSLs Specimen
2, a pet1o1e of Botryopterzs tridentata, possesses a-zone of parenchy—
atous” tissue betweenAthe'vascular bund]e‘and,the outer cortex; In
1ongitudina1'section, one,can‘observe both typical thin-walled
‘parenchyma ceTisuand also cells’ probab]y g]andu]ar or secretory cells,

- filled with a brown1sh substance that appears ret1cu1ate or frothy (Fig.

’

137) Ph]oem ce]]s were not d1st1ngu1shed

- In cross-sect1on_the vascular bundlev15'trident-shaped. Phillips
. . ; - : : ’ (T
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(1970) described the xylem strand as broadly el]ipticai in cross-section
with a flattened to concave abaxial face and with three.adaxial ridges;
each with a protoxylem group'(Fig. 106). Snigrevskaya (1961) described
the pitting on metaxylem as multiseriate-scalariform or multiseriate- |
reticulate and gave metaxylem diameters which rénge froh 30 pm to 160 um.
Elliptical to circular bordered pits do occur on Wel1-preserved meta-
xy]ém (Fig{ 105). Protoxylem ranéesiin diameter-:from 10 to 20 um and
possesses spirai and scalariform thickenings (Snigre&kkayé, 1961). The
latter describe ,p&rénchyma-]ike tissue associated with the xylem
| strand. ‘The di§§;;bu;ion and dimensions of this.tissue,vary but are
usually best deye]obeq’on the adaxial side of the branch. Cells of the
tissué have veryﬂthinjwé]ls. Phillips (1970) wrote that Snigrevskaya
(1971) regarded parts of this tissué, the larger ce1ls, as adaxial and
abaxia] bh]oem zones. | -

"Pinna tfaﬁe formation beginskwith’the sepafationfof xylem (éhe
-adaxial poftioh.of the lateral arm) from the'barent strand. The proﬁo—
xylem is repiaced or restored by a dihgbna]‘extension from the medién érm
;across the adaxial face of.the~bareﬁt strand to the 1afer§1:ridge area
(Phillips, 1971) (Figs. 110, 111).

'Specimen 311 contains a petiole 5.0 mm x 4.0 mm in Hiameter, which
t ﬁroducesAa]tefnafe]y.a_p]antlet’and-a lateral pinna.” The lateral pinna’

(3.0 mm x 1;1rmm) in turn giVes,rise.to another -lateral pinna. 1.0 mm in .‘
:diénefer, whith is the penultimate pinha,rachis. Attached to the -
, péhu]fimafe pinna rachis.invén alternate fashion; are.two§rows of
lﬂlaminar piﬁhules; L |

Thé oriéntation;pf fhg first.Order tateral pinna~strand_is.at'first

'péfpéndicu]ar to that of. the parent foliar strand. It has a monarch
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. arrangement of its xylem. Distally, the lateral pinna strand becomes

oriented just out of the plane of the parent foliar strand and is
triarch. Details of trace formation to the penultimate pinna rachis
" from the first order lateral pinna were not available due to the lack
of preservation.

The penultimate ﬁinna réchis is pendulous on the lateral pinna
_and produces three alternate distichous pinnule traces. In transverse’
section,oone of the pinnu]es can be seen in Ftg. 109. The penultimate
pinna rachis is approx1mate1y 1.0 mm in diameter near its point of
attachment with the Tateral pinna, wh11e aporox1mate1y 8 0 mm distal to
that position the rach1$ is .70‘mm in diameter.

B. tridentata differs significantly frpm all other species of

" Botryopteris by its possession of a siphonostelic (medullated protostele)
plant]et; A further distinction, which B. tridentata shares with B.
ramosa, is that cad]ine and pihné trace formation are huite{différent
from each otherl(Phillips, 1970). B. tridentata is evolutionarily

significant,because it represents the earliest occurence of a siphono-
stele (medullated protostele) in the genus (Phillips, 1970)

» Ph1111ps (1971) descr1bed trace format1on from a parent pet101e to N\

a plantlet as begInn1ng with: _ -

v....a marked increase in size of the lateral portion of the
foliar xylem strand [fig. 112}. This lateral xylem segment
subsequently develops a distinct add1t1ona1 Tateral lobe =
‘[fig 112]; at this stage, tracheids may join the lateral
arm to the tip of the median arm. The additional lobe or
incipient xylem trace becomes progressively more hook-shaped.
[fig. 114], and flpa]]y the hook recurves to form an
incipient xylem trace which is siphonostelic [fig. 116].

" As the cauline trace departs, numerous adventitious reots-
radiate about the siphonostele;  the port1on of the lateral
arm which gave rise to the cauline trace is typ1ca11y )

enlarged at this stage and subsequently resumes a s1ze
comparable to the other lateral arm.”

o
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Five plantlet specimens were serially sectioned for this study,
three of which were transversely sectioned, while the othe Btwo were

obliquely sectioned (see Table 4).

Plantlets
\ \5

S

The epidermis is not well défined; as is the case with B! forensis
plantlets, and differé very little from the underlying cortical cells.
The outermost layer of cells ié usually covered with multicellular,
uniseriate hairs which usually are attached to a mu]tice11u1a<(hair base.
Phillips (1961) reported hairs up to 2.0 mm in léngth for this species.

The maximum'haif 1engtH”§bserveq in this study for this species is
approximately 1.1 mm. . .

The outer cortex (in croﬁs-section) is uniformly thick-walled and
dark brown in color (Fig. 1]3), ,The éé]]s show a s]ight gradation in
diameter from the innermost cells with the sma11ek.d%ameters to the outer
cei]s'wfth the larger diameters. Cells of the outer cortex often contafh\

~a dark brown.substance ‘whi at t1mes col p1ete1y fills the cell lumen.
The outer cortical. cel]s rangeﬁ‘1n diameter from 19.2 pm to 78.6 um
(spec1men 380) ’

The inner cortex is composed of thin-walled cells, that typ1ca]1y.
do not conta1n‘ﬁhefbrown substance, as a result,'these ce]]s»appear much
lighter in co]g;. The diameters (radial) of tﬁe inner cortical cells, on the
average are sm%]]ér'tﬁanvthose of the outer cortical Ce]]s; rangingofrqh
12.8 um tb 32 um. The inner cortical ce]TS also are tangentially

f]attened,.though_in‘the contact region between the inner and outer

cortices thé inner cortical cells are more polygonal. The color differ- -

ence between the two cortices is quite distinct, with the inner cortex _
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- Tighter in appearance than the\outer,cqrtex»(Figt 113).
Internal to the,inner cortex is oecasiona11y found a brown co1dred,
sing)e-ce]]ed thick layer of ;e1T$, which were interpreted as the
, endoderm1s (Fig.<118). These cells. have w1dths (rad1a]) of 12. 8 pm
and breadths (tangenta%) of 32 um to 44.8 um. A
-}he,phloem zone is not well\:hough preserved for h1sto1og1ca1

study but ranges in th1ckness from 96 um to 160 um The stelar xy]em
cone1sts of 1arger metaxy]em cells at the interior and sma11er metaxy]em
at the exter1or (Fig. 118) . The center of the protostele is parenchy—
) matous ‘with occas1ona] scattered trache1ds wh1cﬁ’rdnged in diameter
from 12.8 um to 96. x 64 ym. )
. Protoxy]em becomes evident at the onset of petiole trace format1on
on the inner face of the medu]]ated protoste]e, between the parenchyma
~and the metaxy]em (Fig: 118) | ‘The decurrent protoxy]em g1ves the f1rst:
v'1nd1eat1on of 1nc1p1ent petiole trace formation. The p1tt1ng of the
metaxylem ce1]s ranges from scalariform to mu1t1ser1ate sca]ar1form to
e" mu1t1ser1ate reticulate with occas1ona1 bordered p1tt1ng (Fig. 117)
Trache1ds of the‘cau11ne xy]em as reported by Ph1111ps (1961), have
_annu]ar to sca]ar1form thickenings along the outer per1phery and multi-

4

/ seriate- ret1cu]ate bordered pits toward the center
o In 1ong1tud1na1 section (Fig. 115), ‘the. 1nner”cortica1 cells are,
on the aerage, shorter than the outer qn/’ both tissue ]ayers possess
cells with ob]lque or transverse end wa]]s The lengths of the outer
cortical cells range from 64 um to 544 pm while the 1engths of the
inner cortical ce]]s range from 51 2 um to 256 um. ‘

P]ant]et pet101e¢ sessed an epideriis and hairs typiea] of

»pet101es of the specwes The petiole cortex appears either uniformly
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thick-walled and dark brown or distinctly zoned with a lighter inner

zone of thick or thin-walled céL]s and ‘an outer zone with #tritk-walled

ce1ls'on1y;

Figures ]25'to?327 showtbasal med1an, and distal sections respect1ve1y
et a petiole attached'tote.plantTet (spec1men 577). F1g. 12_;;5'.‘§a
light-colored 1nner cortex wh1ch cons1sts of th1n wa]]ed ce]fﬁt\ :é'the o
inner cortex tont1nues into the pet101e 1t becomes darker colored, and
diminishes in volume. The ce]]s of the 1nner cortex- a]so become th1ck-
walled (Fig. 126)}:.F1na11y, distal to the prey1ous,pos1t1on, the zone
of contact between the inneh and_outer cortitesaremains'dark‘in eo1of§
while the rest 6f thé_cdrtfca] tissue,becbmes'lighte{'in co]orv(Fig.a

<
S

127) ‘ . , _
A petJo]e (F1gs 123 '124) attached to the p1ant1et specimen #3171
has a zoned outer cortex w1th an inner zone of 1arger diameter, th1n-

'.wa]]ed cells of 1arge d1ameters and an outer zone cf th1ck-wa11ed ce]]s

- with smaller d1ameters The 1atter ce]ls are a]so darker in color’
because of the deposition of the brown substance (F1g 124) . The 1nner‘
~ cortex cons1sts of cells w1th small d1ameters wh1ch are tangent1a11y
.f1attened (Fig: 124). o
Plantlet phyllotaxy, where determ1ned, is e1ther 2/5 or 1/3 The

largest number of petioles borne by a plantlet is twelve (spec1men #380)
:fn a 2/5 phyi]otaxy. The 1ongest'p1ant1et is 2.44‘¢m (specimen #380),
| while the shortest is 1.1 cm (specimen #3%3)

As ment1oned ear11er, the first 1nd1cat1on of 1nc1p1ent pet:o]e
N
formation begins w1th the occurrence of a decurrent group of protoxylem

on the -inner face of a segment of the stem xy]em (Fig. 118). When

followed distally (Flgs. 119, 120), the segment of the stem. ste]e

R £ I
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dest1ned to become a petiole trace, progresses outward unt11 it becomes
»‘comp]ete1y separated from the stem ste1e The petiole xylem segment o
dbecomes detached s1mu1taneous1y from both s1des of the stemwuy1em The
petiole trace 1n1t1a]1y 1s either C- or D- shaped If C- shapedh it
" becomes D—shaped-1n its more d1sta1 parts.. The protoxy]em group is at

~first»cohfined to a'regionfon the ddaxjal face of the petiole trace
Z(ng} ]21). Distally, the protdxylem cells become distributed across
the adaxial face ofjthe trace. F1na11y, three arms with their

- respective protOXylem-groupsvbecome differentiated (F1g 122).
~ Roots

dxhe_initietion of root traces occurs in a fashion similar to root
“initiation in B:~fbrénsis Roots of B. tridentatd were reported by.
‘Phillips- (1961) to be 1ess than .8 mm in diometer B. tridentata

roots observed 1n this study range in d1ameter from 240 um to 600 x 696
oum. The outermost layer of ce]]s 1s 1nterpreted as the root ep1derm1s,
wh1ch 1ack observable root ha1rs

7 . The under1y1ng cort1ca1 ce]]s ‘commonly- have thickened, brown

colored walls (Fig. 129), although, as 111ustrated by‘F1gs. 130, 134,

- one can observe a range in color and thickness of the cortiggl cell
A:ua115. The innermost 20ne of cortdcal cells (Fig. 130), Wh%ch randes
g -from a single to a few ce]] 1ayers thick, cons1sts of tangentially -
f]attened ce]]s with radial diameters of 6.4 um to 12.8 um and
’tangent1a1 d1ameters of 25 6 pum to 32 um. Externa] to this zone the
,ce]]s are more polygona] and range in d1ameter from 19.2 ym to 44.8 um.

" The zone between the d1arch root strand and the cortex is not

»fpreservedz The root strand consists of at least ten tracheid e]ements
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ranging from 12.8 pum to 51.2 pm in diameter. The protoxylem grdups are
'1oéated opposite one aanher in the diarch strand.> Métaxy]em‘pitting_
is biseriate to mu]tisér{ate scalariform-reticulate td occasionally
- elliptical bdrdefed (Figs. 135, 136). | ‘
| Lateral roofs branch from the pareht root pseudomonopodiaTIy (Fig.
:132) or endoéenous]y (Fig; 131). A root which arises pseudomdnopod—
'iaily shows.a'cortex which is éontinUous (HomogeneouS) with the’cortex.
of the parent root. This ref]ééts an gnequai division of the parént.
root apex. The smaller mémber,of‘that divisiqn‘wou1d become the 1atera1A
root abex.;,LateraT root branching was obéerved to occur after the
parent rodtlemerged from the stem. Phillips (1970) reported roots of
B. hitéuta branthingTWithin the outer cortex or immediéte]y upon their
‘exit from fhe stem. The’diarch vascu]ar‘buﬁd1e“of Iaterélzfoots ié
orfenteﬂ perpendicular to that of the pafent root.utFigure‘T33 shows a
“root.wiph a triarch bundle, which gives an indication of incipient

lateral root trace development.

Sterile fo]iagg

The penultiﬁate pinna rachis is D-shaped in cross section and
,apbroxfmately 1.0 mm in diameter. In contrast to the We11—deve1oped
adaxial ridges on the pend]timate pinné rachi§ of B. fbrgnsis, the
ridges on the penultimate pinna rachis 6f_B. tridentata are not well-
developed (compare Figs. 20, 140). |

The epiderm1s consists of cells having the typ1ca1 appearance of °

A

B. trmdentata epidermal ce]ls. These are rectangu]ar tO'Equare shaped .

v

and larger than the immediately underlying cort1ca1 ce11s The

diameters of the ep1derma1 cells range from 25.6 um to 32 um (rad1a1)
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to 32 um to. 38.4 um (tangent1a1) (Fig. 141).

The outer cortex presents a rather homogeneous appearance 1n
contrast to the usually d1st1nct1y zoned outer’ cortex of the penultimate
p1nna rach1s of B. _forensis. The outer cortical cells of the former
vary from th1n-wa]1ed to thick-walled. The 1nnermost cortical cells of

~the outer chrtex" which may be, in reallty, inner cort1ca1 ce1ls, are
most often tangentna]]y f]attened Externa1 to these ce]ls are poly-
gonal ce]]s wh1ch show a gradat1on of diameters from large, to small,
from the inside to the outside of the penultimate pinna rachis (Fig.
141),
_ .'The Vascular strand is trident—shaped with the arms of the strand
facing the adaxial surface (F1g ‘141). The protoxy]em is located at
f the t1ps of the arms. The metaxylem cells -have d1ameters which range
.kfrom 19. 2 um to 57.6 x 83 2 um. Metaxy]em pitting is un1ser1ate to
mu]tiser1ate -elliptical to c1rcu1ar bordered. Often the borders -are
»not we11 preserved thus g1v1ng a d1fferent appearance to the wa]]
"p1tt1ng of_the metaxy]em cells.

. Pinnule trace fonnat1on occurs 1in an alternate, d1st1chous pattern
and beg1ns w1th ‘the appearance of a s11ght e]ongat1on of ‘the lateral
arm of the penu]t1mate»p1nna'rach1s‘strand.A The trace-then departs and
~enters the base of a pinnule. Before the lateral arm departs as a trace,
an additional lobe of tracheids with a group ot protoxyTem*develops near
the apex of the medianjarm and disﬁa]}y diagonally crosses the adaxial
face of the.pfnna strand (Fig. 141). The tracheids'of this 1obe replace .
the trache1ds emitted as the trace’ and become the new Tlateral arm. |

Tracheid connect1ons between groups of{protoxy]em, wh1ch occur at

various positions on the adaxial face of the pinna strand, vary in
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number in respect to other protoxy]em groups with which they are

connected (F1gs. 139, 141, 142). ’
In cross sect1on the. p1nnu1e b1ade or 1am1na does not s1gn1f1cant1y -
arch over the p1nnu1e midrib, as do the p1nnu1e blades of’ Botryopterzs
forensis (F1g 138). Hairs (un1ser1ate and mu1t1ce11u1ar) are on the
abax1a1 sides of. p1nnu1e veins and in one case on the blade margin.
The marg1ns of the pinnule b]ade recurve s11ght1y downwards (F1g 138).
The pinnule blade or ]amlna of B trtdentata d1ffers from the
B p1nnu1e 1am1na of B. fbrenszs The former appears th1n and compressed
while the 1atter ‘appears th1ck ‘and shows little compress1on dThe‘
'jep1derm1s is - not preserved on»the p1nnu1es of B. fbrensis while it is
e.on those of B;>tridentata‘. It is suggested that B. fbrenszs pinnules -
were fleshy, while those of B, trzdentata were ‘more 1eathery (compare _
Figs. 20,°147). | |
Detai1s of B.vtridantata pinnUIe histo1ogy are usua11y‘unauailab1e
because most pinnu]es are compressed.  As a resu]t of this the 1am1na
(1n Cross section) appears with the except1on of the uncompressed
pinnu]e ve1ns as a th1n brown layer. 1In a rare case, the lamina was
not compressed though st111 cons1derab1y th1nner than the lamina of
pinnules of B. forensis (Fig. ]47) and h1sto]og1ca1 deta11s were
avai]ab]e The mesophyl11 t1ssue is not d1fferent1ated 1nto a pa11sade
and spongy Tayer, but consists of thin-walled ce]]s w1th 1arge 1nter--
cel]u1ar spaces (Fig 147) Stomata are present only on the lower
surface (abax1a1) and occur above substomata] chambers (Fvg 148)
In paraderma] sect1ons the p1nnu1es are seen as deep]y ]obed and
broadly attached to the adax1a1 side of the penu]t1mate p1nna rachis.

N

L1ke the p1nnu]es of B fbrenszs the p1nnu1es of B. trzdentata show a

o -
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range in size and shape; therefore the term pinnule will be used for
the. 1am1nar structures that are attached to the penu1t1mate pinna rach1s.

» Lengths and w1dths of p1nnu1es ranged from ‘8.0 mm to 11 mm or more
and from 4.0 mm to 6. 0 mm respective]y Venat1on of the p1nnu1es is
' .open, ‘dichotomous with a]ternate]y produced 1atera1 veins ar1s1ng from
the midvein. " The: 1obes, of the dﬁnnu]es are separated by s1nuses, some
of which Fre rather deep. Because of this, a.part1cu1ar lobe separatedl
by deep s1nuses ma: ook Tike an 1nd1v1dua] p1nnu1e (F1gs 143 145).

A 1atera1 vein from the p1nnu1e midvein may d1chotomxze near the
base of a rounded pinnule lobe. As one traces the resu1t1ng veins
towards_the'margihvof the pinnule 1obe'the ve1ns may‘d1chotom1ze,once or
twfteﬂ A Tateral vein may aiso transverse the middle of a long pinnule
lobe or a short rdundedlpfnhu1e ]obe and prddUce laterals in a pseudo-
.‘mohopodia1 branchihé eattern. These 1aterals also d1chotom1ze towards ‘
»:the'edge of the pinhuleJ]obe (F1gs. 143, 145) " The ep1derma1 ce11s have

WaVy'wails and are 76.8 to.96.Q um in length and 38.4 to 44.8 um in

'fwidtht The 10ng axes of the cells oriented para11e1'to the veins.

‘Stomata (44 8 um to 41 . 2 um in 1 n‘ are also oriented with the1r axes
ack subtend1ng subs1dary cells (type 1) (Fig.
144). Mes 11 cells are usua]]y poorly preserved and appear\fs

11lustrated in Fig. 146.
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Compar‘fSon: Botryopteris forensis and Botryopt 18 tridentata
Vegetative features

Upon examining tﬁé reconstruction of B._fbfeiiis (tekt fié.'l), the
reader will observe that the’binnu]es are lobed and‘broad]y attached to
the}penu]timate-pinna rachis. -The pinnules of B. tridentata are also -
-Nlobéd and broadly attached. =~ = = R °

“As characterized by Arnold (1947); the»pinnU]es‘assignédbto,the form
‘genus Sphenoptéfis,afe lobed, contractéd at their baSe, and often |
attached by a short sta1k. He a]so'éﬁardcterized pfnﬁules assigned to
the fo?h species Mariopteris as béing éoriaceous, 1obéd or Qn]obed,r
and broadly attached or siight1y cénstricfed at their bases.- The basa1'
~pinnules of the:1atter are dfstinét]y Iarger than the others and are
~ two-lobed. : ‘ _ ¢ ‘ |
After combarfng Arnon's}characterizatioﬁs of the tWo.forh genera,

- Sphenopteris and Muriopter?s, twq obvious differénées.can be noted.

1)1Spkénopteris-pinnu1es aré contracted ét'theif béses,[whi]e Mariééterié
.piﬁ&u]es»are broadly attached or slightly coﬁstricféd_at their bases.

2)_The basal pinﬁuTéS)of”Mur?optefis aré‘distjnct]y»two?lpbéd, It is

,.becaUSe_ihe'pinnu]es of B. forensis and B; tridentata do not show thev

basaT lobiﬁé, characteristic of the basal pinnu]és of Murioptéfis, that

| i:ESSign'both of the above to the.form'genus SphenéptérisQ_

One\of-the major’resd]ts df'this study:is a better understanding of
thevdetaiTed Qégét;tive‘structure of B..fbiensis and B. tridentata. The

69
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”

following are lists of the characteristics of the two species based On

information gained from this study and other sources,

Botryopteris forensis

Foliar members

1.

'->Andrews

Diameters ranging from -
1.0 mm to 8.0 mnm

. Shape; typically with an adaxial

groove and a rounded abax1a1
face ,

. Orderé of attached petioles;

three

Epidermal cells; 35 to 50 um
along one side (Mamay and
]950) -

. Outer cortex; typically zoned

. Vascular bundle; typically

omega-shaped,‘though somewhat

trident-shaped in the base of

the rhizome attached petiole

Metaxy]em p1tt1ng, mu1t1ser1ate
reticulate to elliptical to

. ‘circular bordered pitting

10.

. Pinna and plantlet trace;

similar to each other

.‘RepTacement of tracheids emitted -
as a trace by an extens1on from

the med1an arm

Position of the plantlet with -

- respect to the parent foliar

member; lateral

where noted.

Botryopteris tridentata

D1ameters rang1ng from

0. 25 mm to 6. 0

. D-shaped

. Orders of attached petioles;

three

. Epidermal cells; up to 75 Hm

wide (Phillips, 1961)

. Outer cortex; homogenous

. Vascular bundle; trident-

 shaped

0.

. Metaxy]em pitting; m

multi- v
seriate reticulate to c1PCUTar
bordered p1tt1ng

. Pinna and p]ant]et traces

different from each otherl

. Replacement of tracheids

emitted as a trace by an
extension from the median
(penultimate pinna rachis/ as
well as by a diagonal exténsion
of tracheids across the adaxial
face of the parent strand

‘Position of the plantlet With -

respect to the parent follar
member; lateral




Botryopteris fﬁrénsis
Plantlets .- ¥
1. Stem diameters ranpging from
3.5 mm to 4.7 mm (Phillips,
1961)

2. Stem 1ength, up to 6.4 cm
- (Phillips, 1961) '

3. Stem stele diameter;

ranging from 1.1 mm to 1.5 mm

(Phillips, 1961)

4. Stem stele mﬁstology;-so1id
~protostele and mesarch with
metaxylem pitting of mu1t1-
ser1ate ret1cu1ate

. 5. Epidermis of stem; differs.
‘ little from the under1¥1n9
cortical cells

6. Ha1rs,7mu]t1ce11u1ar dand
uniseriate though attached to
mu]ticei]ular hair bases

7. Number-of decurrent groups of
protoxy]em associated with

“incipient pet1o1e trace formation;

‘two

8. Phyllotaxy; 2/5

Roots -

1. Diameters up to- 9 mm
(Mamay and Andrews, 1950)

2. Origin from stem; endogenOUS

3. Lateral root branching;
endogenous]y

"4. Orientation of the lateral
root strand with respect to
the parent root strand
perpend1cu1ar ,

7.

Botryopteris tridentata

1.

. Ha1rs

Stem diameters -ranging from
from 2.6 mm to 5.0 mm

. Stem length; ranging from

1.1 cm to 2.44 cm

. Stem stele diémeter

ranging from 1.0 mm to 1.5 mm
x 1.0 .mm

. Steme stele histology;

medullated protostele and
mesarch with metaxylem pitting
of multiseriate scalariform’ to
reticulate

. Ep1dermis of stem; differs

Tittle from -the under1y1ng
cortical ce]]s

mu]t1ce11u]ar and -
and un1ser1ate though attached

. to multicellular hair bases

Number of decurrent groups of
protoxylem associated with -
incipient petiole trace form-
ation; one

Phyllotaxy; 1/3 to 2/5

Diameters up to .8 mm (Phi111p5,~
1961)

Origin from stem; endogenous

Lateral root branching;
pseudomonopodially or endo-
genously :

Orientation of the lateral
root strand with respect” to
the parent root strand;
perpendicular )
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Bqtryopteris forensis . . Botryopteris tridentata
Roots (continued) -

5. Root stele; diarch ; 5. Root stele; diarch

6. Metaxylem pitting; multi- 6. Metaxylem pitting; multi-
seriate reticulate to seriate reticulate to
elliptical bordered T , . elliptical bordered

7. OQuter cortex; thin-walled : 7. Outer cortex; thin or thick-

o walled . :

8. Root hairs; none observed - 8. Root hairs; none.observed

- When making compariSons between the two species Of‘Botryopteris,
Charaéteristics of the petiole, such as the shape of theipetie1e (xs),‘
the shape of the petio]e strand, histology ef‘the cortex, size of -the
epidermel ce1ls with respect to the immediate]y under]yfng corticals
'ce11e, and details of 1atera1 trace_fohmation (plantlet and pinna)fhave
preyen'td be most useful. In conjunction with the former characteriétics,
p]antfet characteri;tics, origin and development of the p]ant]et%ttace,
plent]etvorientation on the parent petiole, and the type of stem ste]e'
also seem to be distinctive. when»a11 of thi? charécteristics are
taken 1nto cons1derat1on, one can see that they d1ffer for the two
species to such a degree as to 1eave no doubt that B. fbrensis and B.
trzdentatq are d1st1nct1ve,phy]ogeneTTc’ent1t1es and not ontogenetic
variants. This conclusion is fortifikd by the fact that the species

characteristics are constant for many.sﬁécimens.
Fertile Material of Botryopteris forersis

The structure of ‘the fert11e mater1a1 (sporang1a) is known for

B: antzqua Most recent]y, Galtier (1967) redescr1bed the French
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material of B. antiqua and concluded that their sporangia appeared more
specialized (less primitive) than those of B. globosa.

The two fructification species of Botryopteris, B. forensis and F.

globosa, differ in spore ornamentation, though not in sporangial

morphology or pinna anatomy (Phillips and Rosso, 1970). B. globosa has

so far been found only at Iowa localities, while B. fopbknsis is known

in North America from Kansas and IT1linois localiti (th11ips, 1970).
Phii]ips and Rosso also noted that the Kansas specimens exhibit the
greatest&yariation in spore eXihe morphology” Fructification specimens
useo in;this”stqdy (Kansas specimens) possess spores (some of Which were
still ih tetrads) which are predomihf%e]y psilate (specimen 38-b) to
scabrate, vgrrucate-vermiculate to occasionaﬁ]y rugulate (specimens )
38-a, 38-f) and verrucate—vermicu]ate‘fo dense1y ruguiate (specimen 537).
Differences in the predominate ornamentation of spores of. each |
fruct1f1cat1on may ref]ect a stage of matur1ty Psilate spores are '
1nterpreted here as, be1ng the least mature because they 1ack ornament-
ation and occur occasionally in tetrads (specimen 38 b). On the other
'hand densely rugu]ate spores arefcons1dered to be the most mature.
Spores of spec1mens 38-a, 38-f are somewhat intermediate in the degree

| and k1nd of ornamentation. _

In light of the facf-that_spores of fructification specimens from
the West Mineral, kansas ioca]ity, show such a great diversity in spore
ornamentation, it is_suggested’here that B. globosa (a species}based on
the single character of spore ornamentation) should be placed into
syﬂonymy. The name applied to the fructifications should be Botryépteris

forensis.
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Development of the Fructification ] o

While investigdtihg the structure of ihe six fructifications for
this study, it bedﬁde;evident that qertéin developmental stages were
present. In this regard specimen 265 is unique in fhat the basal main
laterals are two-ranked, exbanded ahd possess attached sporangia (both
sterile and fertile) (Figs. 98, 99); while the apical (distal) laterals
that surround the axis of the fructification, are compact (not expanded)
and possess no sporangia (Figs. 100, 101). Trace formation to main
laterals from the parent axis is distichous and quadraseriate.

A possible explanation for the unusual morbho]ogy'of this specimen
isifhat expansion of laterals and the main axis was under the influence
of the sporangia;‘where no sporangia deve10p the laterals and main.axis’
does not expénd. |

Peterson ahd Cutter (1969) exp1a5ned that the peduncle subtending
the sporangial area of OPHiOéZOSSum'petiOZatum elongated considerably,
which brougﬁ% the sporangial area above the sterile segment. Removal
of the sterile segment of the frond had no effect on peduncle elongation,

nor did remova1 of the ster11e tip or any portion of the sporang1a1 area,

L
h

as long as a few Sporang1a were let.. When auxins are app11ed ta
excised'sporgngia1 areas the peduncle is induced to elongate. The auxin
stimulated peduncle cells tdAelongate without maintaining tﬁe mitotic
activityvof_the ihtefda]ary meristem. Aborted.spikes_1ackedvsporangia
and'an interca]a}y meristem and failed to e1oﬁgate.

Based on observat1ons of the k1nd presented above it seems
poss1b1e that the fruct1f1cat1on of B, fbrenszs cou]d have been

1nf1uenced by a similar sporangia- produced auxin. Subsequent development
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(expansion) of" é%c branches could have been dependent on sporangial
auxin being produded. Such a final stage is exhibited by specimen lg&,
..which ‘E fu1l) expanded, has no sporangia (abscised) and developed
vascular strands which extend into the parenchymatOU> 8porqu;n1 attach
ment-area (Figs. 102, 103). - ™,

Another interésting puzzle derives from the sterile and fertile
sporangia. It is assumed that in1€:ation of sporangia (both types)
was identical and only later in development did distj?ction‘between the
two types become evident. The sterile sporangia (if &hey occur) are
restricted to the periphery of the fructifications and on the most distal
branches: Steeves and Sussex (1972) working with sporelings of Tolea
feport that iliey were ab]e\¥0~grow them in culture containing very high
concentrzvios of sucrdse. When this was done, the sporelings developed
adult-ty-e 1@&vnr and in manyﬁcases'initiated sporangia, which produced
Miable scores. f excised 1eaQ;s yereﬂexposed to the same concentration
of sugar, they also initiatéd spbrangia, but the development of the
spordgenou< tissue was arrested at the spore—mofher cell stage.

From the above expefi@ents, it was suggested that the development
of spores or‘diviéion of spore—mother cells was under the influence of
hormone(s) produced outside the 1eaf and transported to the spore-mother
cells 1n1t1at1ng the1r d1V1s1on.

The presence of such hormonal grédiehts in- Botryopteris forensis
could explain the devélopmen; of'bofh sterile and fertile sborgngia in
1ts fruct1f1cat1on -\One canvspecu1ate tgat‘in order tor a spoéangium in
a fruct1f1cat1on to develop spores, the spore-mother cells had tb undergo
d1v151on; They did so only after a threshold in the concentrat1on of
the hormone was reached. If the concentration level was not reached the

P

(
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‘Sporé—ﬁother,ce1]§ woy]d rgmain/as undivided parehchyma cells, which
often décuf {n'stérilé sporangig of B. forensis. If such a threshold
occurred iﬁ Botryoptéris‘frﬁttificatidns, it could accoun% for the
“distinct dé]imitation between sterile and fértile sporangia. The
divﬁsionAof sboré—mother cells and tﬁe possib?e influence of sporangia
6nvthe expansion of the,fertiie_frond are regarded as two separate
_pHenomena; thus, sterile Sporéngia;as well gé fertile sporangia c6u1d

cause frond expansion.
Relationships of Botryépteris to Extant Ferns

Relationship between'thé'genus>Botryopteris;énd the Ophioglossales
has been suggested by Renault (1875), Scott (1908, 1920) and with the
,OsmuhdaceaeAbyﬂSéott (19085,1910‘ 1920),.Pe10urde (1910), Galtier (1967)
and Phillips (1965). I 5e1ieve that the relationship of the Botryopterg
idaceae With the_Ophfogiossa]es_is the most Iogifai‘choice. Sca]arifdnn ’
lateral pifting is the’mﬁst‘com&@n type in iheb?erns (Bancroft, 19171;
Deurden, 1940; Eames, 1936§'After Whitg, 1963). 'Borderedkcircu1ar pits
doaéécur 1h'thé Ophioglossales (Eames, 1936) and the Marattiateae
(Bierhorst, 1960). Bésed dﬁ differénées in pitting and sporangdaT
mbrpho]ogy cloée.relatiOnshiB/ofkthe genus Boﬁ%yop;eris with the
1eptosporangiateiferns (exc]dding the'Osmundacéae) is very un]ike]y.
Fossil evidence for the Osmuhdacgae extends back unquestionably to
~the upper Permian (Miller, 1971).. The latter writes:
"Thus , heithef of Qhe\tWO,species'bf Grammatopteris [from the
Tower Permian of France and West Germany] can be considered
the direct ancestor of the Osmundaceae. However, these ferns
are closer to the early members of the Osmundaceae than any.
other ancient fern." ~ . o :

and that: .
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atenopterzs [Upper Pennsylvan1an of I1linois] must
5idered in the same category as Grammatopteris;
ruciher.than being the actual progenitor, it probably
repre@gnts a larger group from which the Osmundaceae
might have evolved." -
Based on the above statements by Miller, it is probable that the
Osmundaceae is related to ‘coenopterid ferns other than the Botryopter-
idaceae.
The Marattiales also have a well documented fossil record, which
‘ extends back to the Middle Carboniferous. Members of this order have

eusporangia grouped into elongate sori or synangia on the adaxia)

surface of the frond, large simple pinnate to tripinnate fronds,'and‘ e

stems with complex dictyoste]ic vascular cylinders. Based on the above

0

Charactersifﬁg\Ektggt mgmbers of the Marattiales can be related to the
“Pa1eozo1c members and not to the Botryopter1daceae
\i Stems of Catenopteris and Grammatopteris,fas well as'members of
the Osmundaceae show conéistentfy a compact spiral phy]]otaxy; The -
phy]]otaxy‘of Botr&opter%daceée is éither 1/3 or 2/5 and is not in a
.compaét spiraT; thus, there 15 an addrt10na1 glfference in phy]]otaxy
- between ‘these two groups. ;&y ﬁ?{i;_n i m& rét

By the process of elimination, re]at1onsh1ps of Botryopteris with
the 1eptosporang1ate ferns the’Osmundaceae, and the Marattiaceae seem
to be ‘excluded. This leaves the exgant Qphiog]ossa]Qs, which has
‘undisputable fossil representatioh exﬁénding b§@k to the Paleocene

(Chandrasekharam, 1972). The following is a 1ist of comparisons between

the Botryopteridaceae and the Ophioglossales.



Botryopteris

Stems (rhizome)

1.

2.

Habit; horizontal with an
erect apex (Phillips, 1974)

Stele; solid protostele
(mesarch) (Rhizomes known ‘in
B. antigqa, B. mucilaginosa
and B. forensis)

. Metaxy]em; multiseriate

reticulate to circular
bordered pitted

. Secondary wood; none

s

Branching; dichotomous :

(B. mucilaginosa) and unknown
for B. antiqua and B. forensis

_ Petioles (fp}iir members)

1.

Shape qﬁg&face (upper Carboni-
ferous) &%

‘elliptical B.. hirsuta, B.

ramosa, B. mucilaginosa .
C-shaped, D-shaped or (typically)
trident-shaped_B. tridentata

78.

. Ophioglossales

. CommonTy short and erect

(Botrychium and Ophioglossum) -
or creeping (HeZminthostqchys)

. Ectophoic SEphonosfe1e

(endarch and mesarch) Young
sporeling protostelic and show-
ing a transition stele with a
mixed pith leading to a siphono-
stele (Lang, 1913)

. Metaxylem; Subgenus Eubotrychium

and.Ophioglosswn-reticulate to
occasionally circular bordered
Helminthostachys-tracheidgfgiﬁ%
circular -bordered pits

. Secondary wood; genus

Botrychium (variable)

. Branching dichotomous in some

species of Ophioglossum (Pétry,
1915),; Lateral apices occur on
rhizomes of Het%inthostachys

and Botrychiwn (Petry, 1915; Lang
Lang; 1915; Gwynne-Vaughan,

1902; after Bierhorst, 1971).

. Shape of trace, single (most

commonly) and C-shaped (basal

" region of -the petiole) -

Botrychiwn, Helminthostachys
Subgenus Euophioglosgum; double
in Subgenus Ophioderma (Gerwirtz
and Fahn, 1960). S



. Ph]oem zones;

,ﬁShape of petiole; D- shaped

pits predominate

. Circinate vernation; hairy 3.

young tips
. Origin of lateral (pinna) trace . 4,

from the petiole; marginal

abaxial in B. hirsuta, B.

ramosa, ‘B. tridentata
(Ph1]11ps, 1970)

B. ramosa, B. tridentata .
Grooved adax1a] face and rounded
abaxial fdce B. hirsuta, B. beenSLS/

. Pet101e'borne fertile sp1ke i e 7

/.

. Fertile spike (frond) branch1ng, 8.
. biseriate to quadraseriate

. Sc]erenchyma, f1bemé’occur w1th1n 9.

stele of foliar members of B.
hirsuta and B. forensis

Plantlets

1.

Occurrence; 1.

Lateral B. hirsuta
B, ramosa
B. tridentata
B. forensis

adaxial and : -5,

q
i* / 5

,’al

\\“45ﬂ

/" i
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Botryopteris ~ Ophioglossales
» Petioles (foliar members) continued |
2. Meta&y]em; elliptical, bordered 2. Metaxylem; intermediate proto-

xylem of all three genera

. ¢ircular bordered. Last. formed -

metaxylem uniformly circular
bordered in Botrychium and
He Iminithostachys, but scalari-
formly bordered in Ophioglossum
(Bierhorst, 1971)

¢

Vernation reported by Davenport

- (1878) in Botrychiwm; naked and

hairy

Extramargina] to marginal
(Nozu, 1954)

Phloem zones; ectophloic (outer)
(Ogura, 1972); Internal phloem
observed: by Chrysler (1910) in

- Botrychium virginianum

rape .of petiole; circular
gura, 1972)

Fertile sp1ke

Fertile sp1ke branch1ng,
biseriate

Lack of sclerenchyma in plant
body (Foster and Gifford,
1974)

Occurfencé; )
In axils at bases of petioles
of B. lunaria((Lang, 1913) and

AHeZmznthostachys (Gwynne-

Vaughan, 1902)
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Botryopteris ' o ) Ophioglossales

Plantlets (continued) .

2. Adaxia]‘B. renaultt 2. From roots Botrychzum Utrgtnzan-.‘

. : ~um and Ophioglossum (McVe1gh
- | | ‘ ©+1937)
3. Stele; solid brotOStele to a . 3. Ste}é;.medu]lated_protostele
medullated protostele (Ophioglosswn aitchison)
» . Vasisht (1928)
4. Metaxy]em; see #3-Rhizome | 4. Metaxy]em;_éeg #3-Rhizome
5. Plantlet borne on petioles; 5. Plantlet borne on petioles;
monophyllous or polyphyllous . - monophyllous or polyphyllous
~2/5 or 1/3 phyllotaxy : ‘ loose spiral (Vasisht, 1928)
Roots Jv  " S . e

1. Stele; diarch ) L 1. Stele; monarch to octarch
- - (Ogura, 1971) - :

_ , - . o - o
2. Origin from sa Endogenous]y, 2. 0rigin from stem; endogenously,
occasionally associated with ., ‘'usually one root attached to

petioles, but usually not and - stem near each leaf (Foster
arising a11 around the stem. aﬁg Gifford, 1974). Often a
Often a profusion of roots at ' profusion of roots at base of
base of the plantlet . stem of B. lunaria’(Lang,
’ ,1913) ' ’
3. Root branching; endogenously 3. Root branching; pseudomono-

. podially, if at all (Foster
and G1fford ]974)

4. Roots hairless: o 4. Roots ha1r1ess
Foliage o | H
1. Sphenopteris type - B Botrychzum Subgenus Sceptrid-
Fleshy - B. forensis - ium, large, ternately decompound

- . Thin - B. tridentata : - and fleshy. _
. Subgenus Eubotychium, sterile
blade-pinnate or palmate,
glabrous and fleshy ,
, : R Subgenus Osmundopteris, sterile
. : ' ~ blade large, deltoid, much
o : ) divided, usually th1n in
texture, and sometimes hairy,
Hethnthostachys, pa]mate]y
pinnate



Botrybpteris‘

. N
Foliage (continued)

o

. Venation; open dichotomous ]

Epidermal cell walls
Straight - B." forensis
wavy- B. tridentata

. Stomatal placement .-
.'B. forensis (Renault, 1896),

upper surface
B.. tridentata, lower surface

. Type of stomata

Type-1, which also occur i

and the genera, Thyross

the Marattiaceae, Osmundaceae.
eris
Culéita (Dicksoniaceae)

(Thurston, 1967, 1970) -

Sporangia - B. forensis

1.

Size, up St .1 mm in diameter

- and 2.0 WW¥n dength

VascuTar bundle éXtenHing to

the base of the sporangia

. Well developed annuli

- e
o B

’ ) T P
‘Sporangia spore count

- Iowa specimen - 1,680

“I1linois specimen - },457._-

2,110 (Phillips, 1970)

Dehiscence””
Longitudinal o

. Type of stomata

.or tyb?; which isfthegi?twﬂ

81.

-Ophiogiossales
1.

Ophidglossum, subgenus Ophio-
derma, strap-shaped "
Subgenus Euophiogiossum,
simple (Nozu, 1954) .

. Venation; open dichotomous or
~reticulate

. ‘Epidermal cell walls wavy,

0. wvulgatwn

. Stomatal placement on the
.adaxial and abaxia]ior Just
~abaxial. s

Type-1 (the simp]est &

division of™)

of & Bl S T
x',\ ) (Thurston, 1967,

b4 T

.-Size, diameters of 0.5 mm to
- 1.5 mm (Botrychium sp.)

(Chandrasgkharam, 1972) .

. .Vascular bundje, tending'to

the base of thed angia

. In Botrychium thé Spbréngial "

wall at maturity is composed of

- 4 to 7 imner layers and an

outer layer of cells with
thickened inner .and anticlinal
walls (Bierhorst, 1971)

. Sporangia spore count

Botrychium 1,500 - 2,000
(Christensen, 1967)

Dehiscence

'Helminthostdchys'h:vertical

Bogrychiwn - transverse
(Christensen, 1967)



" Botryopteris

Sporangia - B. forensis continued

6. Spore ornamentation
B. forensis, psilate to
densely rugu]ate
(21.96 um to 51.24 um)
Specimen 537

7. Tapetum-plasmodial type
originating from potentially
sporogenous cells (Galtier,
1971)

: Distribution

av‘ \~~

1. Botryopterzs is known from

localities in England, France,

Germany, U. S. S R.,. and North
America

Pitting (circu]ar~bordered)

82.

- Ophioglossales

6. Spore Oornamentation

Pitted, pocked or tubercu]ate,
i.e., verrucoseé, 20 um to ’
50 um (McVeigh, 1935)

. Tapetum-plasmodial type

Tapetal organization of
Botrychium ternatum similar

to Botryopteris forensis
(Galtier, 1971). In some cases
(Ophtgglossum fibrosum) the
transYtion between the tapetum

and the outer layer of sporo-
- genous cells is so complete

that it is difficult to
delimit one from the other
(Maheshwari and ‘Singh, 1934)

:

%
HeZmznthostaohys, Asia-
Polynesia )
Botryehiwm, Arctic and

. Northern temperate zones, a

few in the tropics and- -
Antarctic -*§£§
Ophioglossuri, world wide,

except at the poles (after

Christensen, 1967; C]ausen,
1938) i

—

branching and deve]opment of the

"fert11e frond, and sporangial anatomy are regarded here as being the

s1gn1f1cant characters of s1m11ar1ty between the Botryopter1daceae

.and the 0ph1og]ossa1es

Nagner and wagner (1976) report that approx1mate1y 20% of 11v1ng

fern genera show more or 1ess extreme d1morph1sm between the sporophy]]

and- the trophophy11 Thus, the character of frond d1morph1sm alone

"lhy;krobably“of Tittle phy1ogenetic value, 'but when}comb1ned with details
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of branching and development of the frond, it may be significant. In
regards to sporangia1 anatomy, the plasmodial type of tapetum occurs
in the Psi]ota]es 0ph1og1ossa1es and in Equ1setum (Foster and G1ffdrd
1974), thus, among the ‘extant ferns this type of tapetal organ1zat1on

" appears to be restr1cted to the Ophioglossales.  The p]asmod1a1 type of
tapetum was suggested to occur in sporangia of Botryopteris Forensis by
Gagtier (1971). Scott (1920) reported that sporangial pedicels which
qre traversed up to the base of the capsu]e by a vascular bund]e-are
rare among recent ferns, though approached in Helminthostachys and

P‘"‘Ebtryéhium.' A vascular bundle in the base of Botryopteris forensis

| sporang1a was aiso neported by Ga1t1er (1971). ~ In combination the
three above ment1oned character1st1cs, p1tt1nq, development and branch1no
of the fert11e frond, and sporangial anatomy, appear to be un;que among
the 0ph1og1ossa1es, though being characters in common between the
Botryopter1daceae and Oph1og]ossa]es

The branch1ng of the fertile frond and the shape of the. va5cu1ar

strand of the petiole of Botryopteris presentgthe most serious object- |

- fans to accepting the hypothes1s of a phy]ogenet1c re]at1onsh1p between ™
Botryopterts and the Oph1oglossa]es. |

L f. This objection'seems less important when one re o pers that
ﬁz‘ ;§ﬁ§%2d strands do occur in the bases of the main laterals and in the
more distal d1v1510n of the laterals of the fert11e frond of Botryopteris.
One m1ght suggest that the trend for the productwon of c- shaped traces
. has made its appearance in the Botryopter1daceae by Pennsy]van1an times.
Quadraser1ate and b1serate branch1ng, a conspwcuous feature of

Botryopterts is also ref]ected in certa1n 1nstances in the Ophioglossales.

Nishida (1957) exp]a1ned the divisions of the strand‘1n the petiole of

3
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most Ophioglossales as representing the resalt of two ancient‘
dichotomies, which were oriented perpendicu1ar to each other. He
_f]]ustrated a series of sections from a'petio1e, Scéptridium ternatum, in
‘Which the trace is initia]ly c-shaped chen divides to form cwo c-shaped
traces, which face each other and“each of which subsequent]y supplies a
separate division of the norma]]y single, und1v1ded sterile frond. The
un1queness of this specimen is that it shows a pattern of fertile frond
strand-division identical to that at the base of the main Taterals ofA
‘the fertile frond of Botmyopteris® forensis.

Another objection to accepting the-proposed hypoﬁhesis is that the
fertile spike of the 0phioglo$$a1es is commonly oriented adakia]]y on
theeparentfpétio1eg» Chrys]er (T925) described a specimen of Botrychiwn
”'Zanuggnosum Wall., wh1ch had a fertile spike in a pos1t1on comparable
to a sterile pinna (not 1n an adax1a1 position, but in a latera]
pos1t1on) He also described (1926) and diagrammed f1ve methods of
~insertion of fert11e Sp1kes in abnorma] spec1mens of Botrychzum ObZiquum
In the first method of insertion, the fertile spike forked equal]y part
way up its stalk. In the second, a pair of spikes, of equal deve]opment.
_érose right and 1eft'at the some Tevel. The'third a pa1r of sp1kes
| as in the preceed1ng group, but an add1t1ona1 spike arises further up.
The fourth ‘method occurs when there is a normal sp1ke with a smaller
add1t1ona1 one 1nserted higher up; finally the fifth type, with a
‘nOrmal spike, and ‘a pair. of smaller ones inserted further up. Chrys]er
reported that. the fourth type occurred more frequent]y than the others
and probab]y includes- two cJasses, cases where the upper (sma]]er)
spike represenfed one pinné and where,it'represented two fused pinna,

aé:shown'by the;singlehor double vascuTar supply. He further comments
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that the strand supplying such a spike may arise from one edge of the

'c-shaped leaf trace, which is the method of trace formation in
Botry&pteris, or a.étrand may arise from each edge of the trace.

The occurrence of spérangia‘on ordinarily sterile pinnae is known
. among species.of Botryéﬁium (Chrysler, 1926; Bower, 1923). From the
above information, it can be stafed that the fertile spike and the
sterile frond are homologous structures. I believe that the fertile
spike and the sté%*]e frond, which occur in the Ophipglossales represent
as a whole the equivalent of a quaﬁriseriaté paif of laterals), which
“occur on the fertile axis of‘Botryopteris forensis.

Based on any one simi1arjty between Botryopteris and the.Ophiq—
glossales one can not make phylogenetic éqnc]usions. Based on the
‘total number of similarities, however, 1 suggest that Botryopteris is
the Pa1éozoic repreSén;ative of an ophioglossalian ]1ne. -Thié‘coné]usion
is, at bést, tentative and can only be substantiated by further

_revelations from the fossil record.

-~
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Figs. 1 - 6

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

1

Transverse section of two petioles showing the left petiole
with the typical zoned cortex of 3. forensis and the right
petiole with a more atypical "homogenenus" (non-zoned) cortex.
Note the omega-shaped vascular strands. C.B. 552 J top #3.
Bar/3.2 mm. :

"Equisetiform hairs", Renault (1896). Note the convoluted
suture of the indicated cells. C.B. 265 G botfom #60.
Bar/192 um. .

- Transverse section of a petiole of B. forensis showing the

zonation of the outer cortex (ioc/inner outer-cortex,

ooc/outer outer cortex). C.B. belonging to slide #2700.

Department of Botany, fIniversity of Alberta,
Edmonton, Alberta, Canada.

Metaxylem of a petiole of B. ferensis showing elliptical to

~circular bordered pits. C.B. 461 H top. Bar/147.2 um.

Longitudinal section of petiole of B. forensis showing the

zonation of the outer cortex (ioc/inner outer cortex, ;
ooc/outer outer cortex). C.B. 552 C bottom #2. Bar/1188 um.

Same as Fig."4."
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Figs. 7 - 12. Botryopteris jopensis.

Fig. 7. Transverse section of a petiole producing a plantlet trace.
' (Pt/plantlet trace). C.B. 577 F bottom #26. Bar 840 um.

Fig. 8. Transverse section of a plantlet (distal to Fig. 7). Note the
change in the diameter of the plantlet stele (compare with
Fig. 7). C.B. 577 G top #2. Bar/same as Fig. 7.

Fig. 9. Transverse section of plantlet showing histology.
(p/phloem, ic/inner cortex, oc/outer cortex). C.B. 577 G top
#7. Bar/352 pm.

Fig. 10. Transverse section of plantlet showing histology.
(e/endodermis). C.B. 577 G top #13. Bar/160 um.

Fig. 11. Transverse section of plantlet showing petiole trace formation.
Initial stage of trace formation showing elongation of xylem
segment, C.B. 577 G top #28. Bar/1080 um,

Fig. 12. Transverse section of plantlet showing petiole trace formation
(distal to Fig. 11). Petiole trace of this level is attached
to the stem xylem at its middle adaxial region. C.B. 577 G top
#31. Bar/same as Fig. 11.
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Figs. 13 - 18. Bbtryopter{a fbrénsis.

Fig.
Fig.

‘Fig.

Fig.

' Fig

Fig.

13.

14,

1

16.

.17,

18.

Transverse section of plantlet showing petio]e trace\gznmation.’
1

~top- #33, Bar/]320 pm.

5. Transverse*section of plantlet show1ng a root trace w1th a N

.Bar/153 6 um.

w
i

.
. [ .
. e )
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The petiole trace is free from stem xylem and has dev
non- tracheary tissue. (ntt/non tracheary tissue) C.B.

oped
577 G
\\
Transverse section of p1ant1et show1ng root traceﬁfonnat1on
(distal. to Fig.-w3). ' Note that the root trace is ‘partially[ .
detached from the stem xylem. (rt/root trace) C.B. 577 G\
top #14. Bar/168 um. R ' N

single protdoxylem grouprfgf/protoxylem) c. B 577 G top #14.

Transverse section of p]antlet (d1sta1 to Figs-14, 15) show1ng

"a diarch root trace detached from the stem xylem and surrounded .

by its own_d1st1nct cortex C.B. 577 G top #24. Bar/672 0 um,

Transverse section. of- typ1ca1 B. fbrenszs D1arch roots.-
C.B. 577 G top #13. Bar/768 um )

‘Long1tud1na1 section of parent t and a transverse section

of an attached -endogenous .lateratdroot. (endrt/endogenous
root). C.B. 577 G top #16. Ban/SOO um, -

. AN



Figs. ]9'5'26. Botryopteris forensie.

‘Fig. 19.
Fig. 20.
 Fig. 21.
Fig. 22.

Fig. 23.

T

. Fig. 24 -

)

'TranSVerse'section’of parent petiole and penultimate pinna

rachis. Note the homogeneous appearance in the cortex of the

latter. C.B. 328 G top #83. Bar/1824 um.

Transverse section of the penultimate pinna rachis showing the
typical two-zoned cortex. Note the prominent adaxial ridge.
(ppr/penultimate pinna rachis, adr/adaxial ridge). C.B. 328

G top #10. Bar/1440 um. -~ ‘ -

Transvergﬁ\section of the penultimate pinna strand showing a
stage in ‘the formation of a pinnate trace. (pt/pinnate trace,
la/left arm, ma/middle arm, ra/right arm). C.B. 328 E top #2.
Bar 326.4 um. ‘ v ) ‘
Transverse section of pinnule showing the pinnule blade. Note
the lack of a distinct palisade layer, (pb/pinnule blade). =~

C.B. 328 G top #1. Bar/232.5 um. o .

Transverse section of a pinnule near its base showing the

pinnule blade arched over the midvein and the attachment of
the pinnule to thé penultimate pinna rachis. (p/pinnule,
ppr/penultimate pinna rachis). C.B. 273 F top #44. Bar/1680
um. g A ’ ) ’

5

25. ~Paradermal sections of p1nnulés showing epidermal cells

.with straight walls. (ec/epidermal cells). C.B. 328 D #22.

Bar/82.45 um (Fig. 24), Bar/315.25 um (Fig. 25). = .

‘Paradermal section of pinnule showing mesophyl1 tissue.

(mc/mesophy1l cells).. C.B. 328 D #17. .Bar/51.4 um.

@
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Figs, ‘27 -‘32. Botryopteris foéensis. '

 Fig» 27. Paradermal section of a portion .of a frond showing pinnules -
and the penultimate pinna yachis. Note the short round
. pinnule lobes and the long pinnule lobes. Note, also, the
.y 'venation of the long pinnule lobe. (p/pinnule, ppr/penulti-
(}’\1 ' mate pinna rachis). C.B. 328 #26. Bar/2184 um.
g. 28,

fPaEadErmal’section of'& pinnuie. Note venation pattern of
the pinnile lobes. C.B. 328 D #17. Bar/960 um.

Fig. 29. Paradermal section of an attached pinnule to the penultimate
pinna rachis. Note the short, rounded pinnule lobe and its
venation. (pl/pinnule lobe, p/pinnule,. ppr/penul timate
pinna rach1s§. CyB. 328 H #60. Bar/3240 um.

)

Figs. 30 - 31. Paraderma]-sect%ons of a pinnule showing the shape and
: - venation of the pinnule lobes. {p/pinnule), C.B. 328 D #22
and 24. Bar/1968 um (Fig. 30), Bar/1728 um (Fig. 31). .

_Fig. 32. Paradermal section of pinnute blade showing epidermal cells.
_ ~ (ec/epidermal cells). C.B. 328 D #22.(/§gr/same as Fig. 24.

TN
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Figs. 33 - 42. Botryopteris forensis.
o . : : . !
Fig. 33. Transverse section of a parent petiole strand showing an early
: stage of trace formation to the fertile axis. Note the lateral
+  extension of tracheids from the middle arm. (le/lateral
- extension). C.B. 38-a G bottom #65. Bar/1080 um.

Fig. 34. Transverse section of a parent petiole strand '1st¢3axo F1g

33) showing trace formation. Note the furt idn-df
~ tracheids from the middle arm. C.B. 38-a G’botgw t!‘z ‘o
same as Fig. 33. = . SR

Fig. 35. Transverse section of a parent petiole strand (dista] to Fig.
.34) showing trace formation. Note the fertile axis trace -
departed from the parent strand and the position of the small-
er diameter trachedis. (ft/fertile axis trace, st/small
-d}ameter tracheids). C.B. 38-a G bottom #46 Bar/same as
Fig. 33 - ‘ _

Fig. 36. Transverse sect1on of a parent petiole strand (distal to Fig.
: 35) showing trace formation. Note the position of the smaller
diameter tracheids. (st/smaller tracheids). C.B. 38-a G
. bottom: #29. Bar/same as Fig. 33. .

Fig. 37. Transverse section of the fertile axis strand (distal to Fig.
o © -36). Note the left arm developed due to the formation of
an adaxial extension of the non_tracheary tissue. (nnt/non-
tracheary tissue). C.B..38-a G bottom #1. Bar/same as F1g
.33 '

"Fig. 38. Transverse section of a fertile axis strand at a basa1 1eve1
near its attachment point with a parent petiole. (fas/fert1Te
" axis strand) - C.B, 335 E bottom #55%. Bar/same as Fig. 33.

Fig. 39. Transverse section ‘of a fertiTe axis strand (distal to Fig.
" 38). Note the development of the non-tracheary tissue.
(nnt/non-tracheary. tissue) C.B. 335 E bottom #60. Bar/600 um,

Fig. 40. Transverse section of a fertile axis strand (dista] to F1g .
. - - 39). Note the non-tracheary tissue adaxially extended to form
the left arm. C.B, 335 #63. - Bar/same as F1g 39

- Fig. 41. Transverse section of a fertile axis strand. Note the :
~_ tracheid extension from the indicated positions. (le/]atera]
'extension) C.B. 335 E top #51. Bar/768 um,

- Fig. 42, Transverse section of a. fert11e axis strand (distaI to F%g
o ~ 41). Note the tracheid extensions. (t/trace) C.B. 335 E
. top #48. Bar/same as Fig. 41. :
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Figs. 43 - 50. Botryopteris forensis.

Fig.

43.

Fig. 44.

Fig.
Fig.
Fig.
‘F'lg.

Fig.

Fig.

45,

46.

47.

48.

-50.

Transverse section of a fertile axis strand (distal to Figq.
42). Note the new lateral arms are detached from the median

‘arm and the lateral traces Jjust beginning to separate from the

parent strand. C.B. 335 E ‘top #40. Bar/840 um.

Transverse section of a fertile axis strand (distal to Fig.
43). Note the new lateral arms and the detached lateral c-
shaped traces. C.B. 335 E top #26. Bar/same as Fig. 43,

Transverse section of a fertile axis strand. Note the
attac trace and the newly developed lateral arm. (t/trace,
la/lateral arm). C.B. 537 H top #83. Bar/same as Fig. 43.

Transverse section of a fertile axis strand. Note the attach-
ed c-shaped traces and'the new lateral arm. (la/lateral arm,
t/trace), C.B. 537 H bottom #74. Bar/648 um.

Transverse section of a fertile axis strand. Note the
incipient lateral arm. (la/lateral arm). C.B. 537 H bottom
#31. Bar/same as Fig. 46. )

Transverse section of a fertile axis strand (distal to Fig.
47). Note the small lateral amm. (1a/1ateral arm), C.B. 537
H-bottom #25. Bargsame as Fig. 46. :

Transverse section of a fertile axis.‘ Note the fertile axis
strand and the two lateral traces, each of which will supply
a member of the quadraseriate pair. (fas/fertile axis strand,

Tt/lateral trace). C.B. 38-a H top #70. Bar/1140 um.

Transverse section of a fertile axis (distal to Fig. 49) show-
ing the traces to the basal appendages. (bat/basal appendage
trace). C.B. 38-a H top #87. Bar/1824 um. ,
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Figs., 51 - 56. Botryopteris forensts.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

51.

52.

53.

54.

55.

56.

Transverse section of the fertile axis showing the attached
basal appendages which branch in a biseriate manner. Note
the quadraseriate pair of laterals is still in common cortical
attachment with each other and the parent fertile axis.
(ba/basal appendage). C.B. 38-a #93. Bar/l1 cm.

Transverse section of the fertile axis and the quadraseriate
pair of laterals (distal to Fig. 51). Note each member of the
pair is separate from each other and the parent axis. The
member on the right will be used to illustrate details of its
branching. (fa/fertile axis, rIm/right lateral member).

C.B. 38-a H top #100. Bar/3 mm.

Transverse section of the right lateral member (distal to Fig.
52). .The parent strand has given rise to a trace to the left
which has divided into two and a trace to the right. Each
trace to the right and left will supply a quadraseriate pair
of laterals. (1t/left trace, ps/parent strand, rt/right trace).
C.B. 38-a #100. Bar/1344 um. - ‘

Transverse section of the right lateral member (distal to Fig.
53) showing the parent strand and the traces to the left, each
of which has divided into two. C.B. 38-a H top #10X. Bar/
1728 um. . . : ’

Transverse section of the right lateral member (parent axis)
and ‘the Teft quadraseriate pair (distal to Fig. 54). Note
that one member of the left pair (1pm-2) is divided into two
and appears to be borne by the other member (1pm-1).- The
right pair of quadraseriate laterals is still attached to the
parent axis. (1pm-1/left pair member-1, 1pm-2/left pair
member~2, ps/parent strand, rpmt/right pair member traces).

-C.B. 38-a H top #119. Bar/2.8 mm.

Transverse section. of the right. lateral pair and the left
quadraseriate pair of laterals. Oblique longitudinal section
of the right quadraseriate pair (distal to Fig. 55). Note
1pm-2 is separate from 1pm-1 and also that both rpm--1 and

- rpm-2 branch.in a biseriate manner. (ps/parent strand, rpm-1/

right pair member-1,-rpm-2/right pair member-2). C.B. 38-a
H bottom #117.. Bar/3.5 mm. = -
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Figs. 57 - 62. Botryopteris forensts.

Fig. 57.

Fig.

Fig.

Fig.

Fig.

Fig.

58.

59.

60.

61.

62.

Transverse section of an axis (a member of a quadrascriate
pair) showing four strands (two traces to.the right, one trace
to the_left and the parent strand). (1t/left trace, ps/parent
strar"’ rt/right trace). C.B. 38-a H top #35. Bar/864 um.

Longitudinal section of fertile sporangia from fructification

"38-a. Note sporangia are attached to a vascularized parenchy-

matous base. ‘(va/vascular tissue). C.B. 38-a H top #45.

. Bar/950 um.

Transverse section of an axis (distal to Fig. 57) showing one
of the right traces supplying a biseriately branched lateral
appgndage. C.B. 38-a top #21. Bar/same as Fig. 57.

'Transverse sectian of sterile sporangia. HNote that the

sterile sparangia have radially elongated wall cells and lack
spores. (ssp/sterile sporangia). C.B. 38-a H top #55.

Bar/same as Fig. 58.

Transverse section of an axis (distal to Fig. 59). Note that
the remaining right trace has divided into two and still
within the cortex of parental axis. C,B. 38-a H top #10.

Bar/same as Fig. 57.

Oblique transverse section of fertile sporangia from
fructifigcation 38-a. Note the vascularized parenchymatous
sporangial base and the longitudinal 1ine of dehiscence of the
indicated sporangia. (va/vascular tissue, d/dehiscence zone).
C.B. 38-a H top #45. Bar/same as Fig. 58.
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igs. 63 - 71, Botryopteris forensis,

Fig. 63. Transverse section of fructification 38-a. Note the lack of * -
' a sterile sporangial zone in the peripheral regions of the
ructification. (pp/parent petiole, fa/fertile axis).
CAB. 38<a H top #45. Bar/2.8 cm.

- Figs. 64 - 71 " SEM photographs of épbres,macerated from fructification
. - 38-a. Note the variability of spore exine ornamentation.
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” Figs. 72 - 79. Botryopteris forensis. |

Fig. 72.
Fig. 73.

Fig. 74.

Transverse sect1on of fruct1f1cat1on 38 F- G '(fa/fertile axis).
C.B."38 G top #3.. Bar/1.4 cm. ~ :

Transverse $Section of a fertile sporangia with radially

‘elongated wall cells. (fsp/fert11e sporang1a) C B. 38_F-

bottom #62 Bar/]080 um.

Transverse section of sterile sporangia with rad1a11y o
elongated wall cells, '(ssp/sterile sporangia). C.8. 38 G
top #3. Bar/same as’ F1g 73

_.Figs. 75 - 79. SEM photographs of spores macerated. from the fructific-

ation 38 F-G. Note the var1ab111ty of -the spore exine -
ornamentat1on (see text for full exp]anat1on) E
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F'lgs. 80 - 88. Botryopteris forerisis.
Fig. 80. Oblique longitudinal section of fructification 38-b. .
: ‘ (fa/fertile axis) C.B. 38-b H top. #109. Bar/3 0 mm.

Fig. 81. Transverse section of fertile Sporang1a from fruct1f1cat1on
~ 38-b. c B. 38-B H top #93. Bar/888 um.

Fig. 82. Spore tetrad. (spt/spore tetrad). C.B. 38 H bottom #115.
C Bar/53.35 um. . : ' ‘

Figs. 83 - 88. SEM photographs of sporés macerated from fructification
38-B. Note the predominance of psilate spores.
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Figs. 89 - 97. Botryopteris Sorensis,

. Fig. 89. Transverse section of fructification 537. (fa/fertile axis,
ssz/sterile sporangial zone). C.B. 537 H bottom #29.
Bar/2.2 cm. :

Fig. 90. Transverse and longitudinal sections of sporéngia of
fructification 537. ‘C.B. 537 H bottom #104. Bar/1127 um.

Figs. 91 - 97. SEM photographs of macerated spores from fructification
: 537. (see text pages 54-55 for details). :






Figs. 98 - 103. Botryopteris forensisg.

Fig. 98. Transverse section of fructification 265. Note the sparangia,
most of which are sterile. The region of the fructification
with sporangia is more expanded (less compact) than regi
which lack sporangia. Note also the quadraseriate trace
formation pattern. (fa/fertile axis, t/trace). C.B.|265 G
bottom #23. Bar/1.05 cm. .

Fig. 99. Transverse section of stér11e sporangia from fructification
- 265. \ '

Fig. 100. Transverse section of the fertile axis (distal to Fig. 98).
Note the compactness and size of the laterals attached to the
fertile axis. Also note the lack of sporangia. (fa/fergj]e
axis, la/lateral appendage). C.B. 265 H top #10. Bar/9 mm.

Fig. 101. Lateral appendage of Fig. 100. C.B. 265 H top #10.
Bar/1128 um. « -

Fig. 102. Transverse section of fructification 335. Note the expanded
' ~ condition of laterals and the lack of sporangia. (fa/fertile
axis). C.B. 335 E top #48. Bar/3.0 mm.

Fig. 103. Sectioned axis from fructification 335 showing a vascular-
ized parenchymatous sporangial base. Fructification 335 is
interpreted to have shed its sporangia some time after the
fructification was in its expanded condition. (v/vasculaf ™.

_ tissue, pb/parenchymatous base). C.B. 335 E top #51. -
- Bar/900 ym, - : L

B



n3.

A S SEEres B WS




Figs.

Fig.

Fig.

Fig.

Fig
Fig.

Fig.

Fig.

104 - N1, Botryopteris tridentata.

104.

105,

106.

07.

. 108.
109.

110.

m.

Transverse section of Botryopteris petioles, B. tridentata

on the left and B. forensis on the right. Note the homo-
genous outer cortex of. the B. tridentata petiole and the zoned
outer cortex of the B. forensis petiole. Also note the
difference in the shape of the two species petiole strands.
C.B. 552 G, top #3., Bar/2280 um.

Metaxylem of a petiole of B. tridentata showing elliptical
to circular bordered pits. C.B. 328 E, bottom. Bar/117.6 um.

Transverse section of a petiole shoWing a two zoned outer
cortex. C.B. 328 E top. Bar/2964 um.

Longitudinal section of the outer cortex of a petiole showing
an inner zone of cells with transverse end walls and an outer
zone of cells with oblique end walls. (ic/inner cortical
zone, oc/outer cortical zone, ep/epidermws) C.B. 328 °E,

‘bottom Bar/1080 um.

TransVErse section of a parent petiole, a lateral pinna and
the penultimate pinna rachis. (ppr/penu1t1mate pinna rachis).
C.B. 311 D bottom #59. Bar/5.5 mm. ,

Transverse section of a pinnule (distaT to Fig. 108) which
was attached to the penultimate pinna rachis of Fig. 108.
C.B. 311 D bottom #114. Bar/1536 um.

Transverse section of a petio1e strand showing a stage .in

the development of a lateral pinna trace. The tracheid

- lobe will replace the tracheids "lost" to the incipient

lateral trace (lateral arm). (la/lateral arm, tl1/tracheid
lobe ma/median am). C. B 311 D bottom #26 Bar/360 wum.

' Transverse section of a petiole strand (distal to Fig. 110)

showing the lateral detached from the parent strand. At
this stage the lateral trace has developed only two arms,

a lateral arm and a median -arm. Note the tracheid lobe just
in the position of a new lateral arm. (pt/pinna trace,
t1/tracheid lobe). C.B. 311 D bottom #41. Bar/576 um.
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Figs. 112 - 117. Hotryopteria tridentata.

Fiqg.

Fig.

Fig,

Fig.

Fig.

Fig.

112.

3.

114,

15,

116.

7.

Transverse section of a petiole strand showing a stage in the
development of a plantlet trace. Note the enlarged lateral
xylem segment and the additional lobe. (al/additional lobe,
Ixs/lateral xylem segment). C.B. 311 D bottom #26.  Bar/1080
um,

Transverse section of a plantlet showing histology.
(en/endodermis, si/siphonostele, ic/inner cortex, oc/outer
cortex). C.B. 380 Q top #24. Bar/1272 um,

Transverse section of a petiole strand showing a stage 1in
the development of a plantlet trace (distal to Fig. 112).
Note the more hook-shaped-lateral xylem segment. C.B. 311 D
bottom #21. Bar/1560 ym.

Longitudinal section of a plantlet showing the cortical
zonation. Note the endogenous root. (en/endodermi , ic/inner
cortex, oc/outer cortex). C.B. 577 D bottom # 49. Bar/2.88

um,
Transverse section.of a plantlet siphonostele which is still
attached to the parent petiole strand (distal to Fig. 114).
C.B. 311 D bottom # 19. Bar/1680 um,

Metaxylem of a plantlet showing reticulate to multiseriate-

.reticulate pitting. C.B. 577 D bottom # 31, Bar/39 um.
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‘ Figs. 118 - 123. Botryopteris tridentata.
‘ . b' ’ N . 7 // a
Fig. 118, Transverse section of a plantlet ‘showing a stage in the
: development of a petiole trace. Note the single decurrent
protoxylem group associated with the incipient petiole
trace. (dpxg/decurrent protoxy]em group, st/scattered.
trache1ds) C B. 380 Q bottom #25 Bar/900 um.

Fig. 119. Transverse sect1on of a plantlet show1ng the next stage in
- the development of a petiole trace (distal to Fig. 118).
The pet1o1e xylem segment has elongated in the direction of
em1ss1on. Note the lack of a 1eaf gap. C B. 380 Q. bottom
#26 Bar/same ‘as. F1g 118. - .

Fig.'fZO. Transverse section of. a plantlet show1ng the pet1o1e trace
partially detached from the parent xylem strand (distal 'to-
Fig. 119 C.B. 380 Q bottom #28. Bar/768 um.

Fig. 121. Transverse'section of the detached elliptical petiole trace
o (distal to Fig. 120). The protoxylem is. located in the -
indicated region. Distal._to this position, the protoxylem
will become distributed across the adaxial face of the
petiole trace. Note that some inner cortical cell walls
ég,ave become distinctly dark colored. (oc/outer cortex,
ic/inner cortex, pt/petiole trace, px/protoxylem group).
~C.B. 380 Q bottom #30. Bar/same as Fig. 120.

Fig. 122. Transverse sect1on of a petiole showing the strand w1th the
characteristic three arms of a Botryopteris petiole (distal
to Fig. 121). (la/left arm, ma/middle arm, ra/right arm)
C.B. -380 Q bottom # 36. Bar/98®um.. -

Fig. 123. Long1tud1na1 section of.a- plantlet pet1o1e showing the
‘ cortical zones. (ooc/outer outer cortex, ic/inner cortex).
C.B. 311 E top 1-a. Bar/1896 um. :
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124 - 129. Botryopterie'tridentata.

124,

127.

128.-

129.

(3

Transverse section of a plantlet petioTe showing cortical

" zonation. (ooc/outer outer cortex, ioc/inner outer cortex,
“ic/inner cortex). C.B. 311 E top #10. -Bar/960 uym. . -

125.

sverse_section of a petiole near its attachment point
to th p]ant]et showing the inner cortex and outer cortex.

_The {@iner cortical cells are either thxn—wal]ed and light

diameters\pf the outer cortical cells, (ic/inner cortex, _

"oc/outeg\c rtex). C.B. 577 D bottom #41. Bar/1032 um.
126. »

7Se section of a plantlet petiole (d1sta1'to Fig.
125) showing the inner cortex and outer cortex. "Note:that
most of the inner cortical cells are of a dark color similar
to the outer cortical cells. The volume of the inner cortex
has decreased at this level (compare with Fig. 125). (ic/
inner cortex, oc/outer cortex) C.B. 577 D‘bottom #49;*~
Bar/same" as F1g 125. : : : o

Transverse section of a plantlet pet1o]e (d1sta1 to Fig. 126)
-showing -the inner cortex, the zone of contact and the outer
_cortex. - (cz/contact zone, ic/inner cortex, oc/outer cortex)
‘C.B. 577 D bottom #56. Bar/same as F1g 125

Transvérse section of a plantlet showing éndogenous roots.
(enr/endogenous root). C.B. 380 Q top #24. Bar/1272 um.

Transverse section of typical B. fridentatarroots. C;B.,311
D bottom # 12.. Bar/1026 um. R '

g
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Figs. 130'- 136. Bgtryopterie'tridentﬁta.

Fig. 130. Transverse section of root showing the ‘diarch strand and the
o root cortex. Note the tangentially flattened cells in the
inner region of the root cortex and the more.polygonal cells
which make up the rest of the root cortex. C.B. 311 D bottom
#12. Bar/210 um. - S : S

Fig. 131." Section of root showing the endogenous origin of astateral _
’ root from a parent root, Note that the cortex of the lateral

- root disrupts the cortex of the parent root. (enr/endogenous
“root). C.B. 311 E top #13. Bar/1826 um. '

Fig. 132. ‘Longitudinal section of two roots showing the pseudomono-

: podial origin of a lateral root. The cortex of the lateral
root does not-disrupt the cortex of the parent root. The
cortices of both roots appear.homogeneous; continuous, and
undisrupted.. This suggests that the apex of the parent root
divided unequally (pseudomonopodially) and the smaller member
of that division became the apex of the lateral root.

. (pr/pseudomonopodial root). C.B. 311 D bottom # 126.
Bar/1140 um. - ‘ S :

- - Fig. 133. Transverse section of a root showing the triarch strand.

: This condition of the normally diarch strand indicates -
incipient lateral root origin. . (p/xylem pole). C.B. 575

P H bottom #22. Bar/232.5 um. . : :

Fig. 134, Transverse section of roots showing the variation in the
- appearance of root cortices. C.B. 577 D bottom #50.
‘Bar/480 um. o : - ST
Figs. 135 - 136. Metaxylem of a root showing reticulate to multi-
' - seriate-reticulate pitting. C.B. 240 A; bottom #46.
‘Bar/32 um. ' . j . , a

g .






'Figs.: 137 - 142, Botryobteris tridentata.

Fig. 137. Longitudinal section of the parenchymatous tissue surrounding
the vascular strand of a petiole. Note the thin-walled
parenchyma cells and the glandular cells, which contain a
frothy appearing brownish substance. (gc/glandular cell,
pc/parenchyma cell). C.B. 552 C bottom #2. Bar/546 um.

Fig. 138. Transverse section of the penultimate pinna rachis and .
pinnule lobes. Note the compressed appearance to the
pinnule blade. (ppr/penultimate pinna ‘rachis, pl/pinnule
lobe).. C.B. 265 E bottom #45. Bar/239 um. .

Figs. 139 - 142. Transverse section of penultimate pinna rachis
: $1lustrating general features and the variability in number
and position of protoxyiem connections, which occur diring
stages of pinnule trace formation. (ppr/penultimate pinna
rachis, oxc/protoxylem connections, ep/epidermis, tc/
tracheid .1obe). ’ ~ T - '

Fig. 139. Note the thfee_protoxylem connections to. the 1eft lateral
- “arm. -C.B. 265 A bottom #86. Bar/1216 um. s

Fig. 140.  Transverse séction of the penultimate pihna rachis seen in
' Fig. 138. Note the hair base. -C.B. 265 E bottom #45.
Bar/same as Fig. 139." S .

Fig. 141. Note the two protoxylem connections; one to each of the
lateral arms and the tracheid lobe which will replace the
tracheids "lost" to the pinnule trace. C.B. 265 F bottom

"~ #82. Bar/same as Fig. 139. - .

" Fig. 142. Note the two'protdxylem connections, both to the oneJ]atera]
’ arm.- C.B. 265 E bottom #4. Bar/same as Fig. 139: :
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Figs. 143 - 148. Botryopteris tridentata.

Fig. 143. Paradermal section of a pinnule attached to the penuitimate
pinna rachis. Note the pinnule lobing. (ppr/penultimate
pinna rachis, pl/pinnule lobe). C.B. 265 D #87. Bar/3.0 mm.

Fig. 144. Paradermg1 section of a pinnule showing stomata and wavy-
walled epidermal cells. (ep/epidermal cells, s/stomata).
C.B. 265 C #54. Bar/325 um. '

Fig. 145. Paradermal section of a portion of a frond showing the _
penultimate pinna rachis and two attached pinnules. Note the
, lobing of the left pinnule. (ppr/penultimate pinna rachis,
. p/pinnule). C.B. 265 C #51. Bar/4.0 mm. . :

Fig. 146. Paradermal section of a pinnule showing mesophy11 cells.
T ~(m/mespphy11 cells). C:B. 265 D #43. Bar/760 um.

Fig. 147. Transverse section of a penultimate pinna rachis and the
blade of an attached pinnule. Note the lack of compression.
(ppr/penultimate pinna rachis, pb/pinnule blade). C.B. 265
A bottom # 4. Bar/600 um. : Lo o _

Fig. 148. Transverse section of the pinnute blade seen in Fig. 147
showing a substomatal chamber below a stomate. (sc/sub-

- stomatal chamber, s/stomate). C.B. 265 A bottom #16.

Bar/134.4 um, . L
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