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Abs tract

A new fossil gnerophyrc, Friedselloioiagracifijofia gen . nov. er sp. nov. from the Crato Formation (nort heast Brazil) is described. Sev­
eral, nearl y complete specimens. including seedlings. young and mo re mature plants are preserved with roo ts. axes. leaves and repro ­
duct ive organs . A fully grown plant probably reached mo re than one metre in height. disp laying an articulated gnetalean habit with
slender long-jointed stems and leaves usually attached as who rls of four at lower side branches. terminal repro ductive organs consist of
cones. O vulate cones bear generally abo ut 8- 16 or more ovulate organs in an arra ngement in who rls offour or when in pairs of two,
in an oppo site-decus sate arrangement. Sma ll te rmi nal rnicrospo rangia re cones sit on lon g thin axes whic h subrend th e ovulate cones.
Based on its anatomy and morpho log y. the new taxon nests withi n th e Gnetales. Various charac ters. such as th e chev ron bearing vena­
tio n of th e cotyledo ns, th e possible presence ofa feeder and the cone structu res with man y reproduct ive uni ts per cone point to a close
relat ion sh ip to H7efwitschia. Th e plant grew most likely in open sunny habi tats. possibly in a reed like manner close to the Crate lake.

Key words: fossil Gnerales, Welwi tschiace ae. early Cretaceous. Ap tian , Gondwana.
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Text-fig. 1. Geograph y and geolog y of the Araripe Basin in northeastern Brazil, modified from MAISEY ( 199 1).

Th e Crato Format ion i known for its diversity o f
fo sil ane to phy tes. D ue to the excellent preser vation
of so me of th ese fossils, anatomical detai ls are pre­
served that are rarely seen in fos il material. In th is ar­
ticle a new taxo n Friedsellowin gen . nov. is described ,
including young plants with co ty ledons plus speci­
men s wi th m icrosporan giat e and ovulate cones. This
new taxon is ana lyzed in comparison with the three
relic extant taxa, Ephedra, Welioitscbia and Gnetum,
and seve ral fossil gnetalean taxa. Several specim ens of
seed lings with co tyledons and a first se t o f leaves be­
Ions also to Friedsellotoia gen . nov. specim en that ex­
h ibit only vegetative parts (axes w ith attache d leaves)
are here described under the same ge nus an d species
name. This pro cedure is justi fied under the most re­
cent Internat ional C ode of Nomenclature for Algae,
Fungi and Plants (M ILLER et al. 20 11) sin ce the leaves
of Friedsellotoia gen . nov. are very characteristic. Fur­
thermore one young plant w ith roots and leaves bears
also cones that are identical with the ones of ad u lt

Friedsellotoia gen. nov. pl ants.
This new genus of gn etophytes sensu stricto most

likel y represents a new family. However, since only
this one taxon is formally described, the ci rcumscri p­
tion of the fam ily is unclear, and therefore we refra in

from erect ing a new family.

Introduction

Gnetophyre ,an ancient group ofgym nosperms, were
p re en t from the Lat e Perm ian in China (\XTANG
20 04). The main d iver ificarion of gnetophytes took
place in th e Me ozoi c, w ith a fir t radi ation possibly
during the Tri a ic (C RA. E 1988, KRASSILOV 2009).

egetat ive, rep roduc tive st ruc ture and p ollen are
kn own from the South African M ol ten o and th e

Ior th American Chinle Form at ions (KRASSILOV &
ASH 1988 , C OR ET 1996, AN DERSON & AN DER­
SO 2003). During the early C retaceou s, co ncurrent
wi th the appearance ofea rly angiosperm, species rich­
ne of Gnetophyra wa much higher than today
(C RA E 1988 , CRA E 1996). Th ese fo sil rem ains are
described fro m the Baikal area (K RASSILOV 198 6,
KRASSILOV & BUGDAEVA 1999, KRASSILOV &
BUGDAEVA 2000), North America (C RANE & UP­
CHURCH 19 87, RYDI. et al. 2006, FRIIS et al. 2009),
ourhern Aust ralia (Kr assilov et al. 1998), China

(YA G et al. 2005), Portugal (RYDIN er al. 2006, FRI­
IS et al. 2009) and Brazil (M AISEY 1991, MARTILL
1993,OSBOR et al. 1993, RYDIN et al. 2003, MOHR
et al . 2004, MOHR et al. 200 , D ILCHERet al. 2005a,b,

Kui ZMAN. et al. 2009).
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G eological sett ing

The de scribed fossils are found mainly in ope n-air pits
that are mined for calc areo us lim estone, co m mon ly in
use as bu ilding mat erial. The plant fossils come fro m
quarri es so uth of th e town of Nova Olinda near San­
tan a do Cariri in the Araripe Basin in the northeast of
Bra zi l (see Text -fig . 1). The basin is filled w ith Upper
Jurassic to Cretaceous sed iments d ur ing the ope n ing
of the A tla ntic and the breakup ofweste rn G ondwan a
(BERT HOU 1990, BEURLEN 1962). The Rio d a
Barat eira Fo rm ation, C rato Formation, Ipub i Fo rma­
tion, Romualdo Formation and the Arajar a Fo rm a­

t io n belong to the Araripe Group of Early C retaceous
age (H EIMHOFER et al. 20 10 ). Strat igraph ic index
fossils and o ther geological markers are mi ssing. Pa­
lyn ological stud ies reveal a lat e Aptian age (about
112-11 5 Ma) (A RAI et al. 200 1, D OYLE 1992, LIM A

197 8, NEUMANN & CABRER A 1999, PO NS et al.
1996, BATTEN 2007 , H EIMHOFER & HOCHULI

20 10). According to sed imento logical stud ies of these
formatio ns a change fro m freshwater to marine env i­
ronments w ith a tran sgr ession, reg ression and the al­
ternation of drought and Aooding eve nts h as been
postulat ed. This assum p t io n is based on detail ed anal­

yses of the sed iment components, st ru ctures and fos­
sils (MARTILL & HEIMHOFER 2007).

The Crato Formation consist s of thinly laminated
limestone (Platten ka lk), with embedded thin layer s of

clay, silt and san ds tone. Fine-grained sed im ents and
non-oriented fossils suggest only ver y we ak Hows, oc­

casionally even none at all. Marine environments can
be excluded because of records of freshwater fish fos­

sils; thus the Crate limestone was deposited in a fresh ­
water lake. Wind and Aooding events blew and wa shed

animals and plants from the surro und ing areas into
the lake, so that a rich Aora and fauna were preserved,

including invertebrates and vertebrates (MAISEY

1991, MARTILL 1993, MARTILL & HEIMHOFER

2007 ).

erato flora

The Crato Aora is one of the rare Early Cretaceaous
Aoras of the low (palaeojlatirudes. About 80 taxa of

plant megafossils are known from the Crato Forma­

tion. Ferns are common, but not diverse. Approxi­

mately 40 or more are gymnosperm taxa that include
conifers, bennettiraleans, eed ferns and gnetophytes

have been reported. About 30 angiosperm taxa (BAT­

TEN 2007, MOHR et al. 2007) include Nymphaeales

(COIFFARD et al. 2013) , magnolians, monocotyle­
dons and eud ico ryledons , Not only macrofossils but
also spores and pollen are h ighly di verse (LIMA 197 8,
LI MA 1980, LI MA 1989, PONS et al. 1990, PO NS et al.
1996, ARA I et al. 2001 , AR AI & MAC HADO-COEL­
HO 200 1, OSBORN et al. 1993).

M any gnetop hy te fossils fro m the Crato Forma­

tion appear to be closely related to Ephedraceae or to
Welwitschi aceae, but gne rophyres bel onging to addi ­
t io na l gro ups have been described as well (M OHR et

al. 2007 ). Cearania heterophylla (KUNZMANN et al.
2009) and Cariria orbiculiconijormis. (KUNZMANN et
al. 2011 ) are both taxa with gnetalean characte rs. Wel­
ioitscbiostrobus (D ILCHER et al. 2005a.b ) and Crato­
nia cotyledon (RYDIN et al. 2003), a seed ling wi th
broad cotyledons. belong most likely to a welw it ­

sch io id taxon . Taxa w ith clearly ephedroid characte rs
are publish ed informally under "unnamed group"

(MOHR et al. 2007).

Material and methods
The fossil specimens described in thi s art icle are preserved as red­
dish brown impression s or petr ifications (mostly iron oxide) on
light yellow-brown to grey limeston e slabs. The iron oxide that
replaced th e organic matt er is very brittle and crumbly, so th at
epidermal cell st ructu res are preserved only in rare cases.

Most fossils described in th is stu dy are housed in the pal­
aeobo tanical collections of th e Museum ofNa tural H istory. Ber­
lin (Ge rmany). One of th e specimens (FC r-78) is located at th e
palaeontological collectio n of th e Geological Institute of th e
Free Uni versity Berlin . and one specimen is in pr ivate ownership
(P I). Following UN recommendations the paratype is deposited
in th e country oforigin (Brazil) and will be sto red at th e Geosci­
ences Institute of the University of Sao Paulo (M B.
Pb.199 711292).

The fossils con sist of four completely preserved specimens:
the holorype MB .Pb.1999/544 (Plate 1, Fig. I), m e parat ype
MB.Pb .199711292 (Plate I , Fig. 2), MB.Pb.199711294 (Plate 2,
Figs I . 2), two seedlings MB.Pb.199711226 and MB.Pb.
1998 /690 (Plate I . Figs 3. 4). and several incomplete pecimens
with terminal ovulate and microsporang iate cones. uch as MB.
Pb,199711283a, MB.Pb.I9971121Oa, MB.Pb.1999/616, MB.
Pb.1997/ 1288 and FCr-78 (Plate 3, Figs 1-5), MB.Pb.1999/506.
MB.Pb.1999/2298a, MB .Pb.1999/5 I5. MB.Pb.1999/2295
(Plate 4, Figs 1, 2, 5. 6). MB.Pb .199711293 (Plate II ). two dis­
persed rnicrosporangiate con es MB.Pb.l999/530 and MB.
Pb.2000/?6 (Plate 4, Figs 3, 4) mat belong with great certainty to
Friedselloioia gen. nov. A single non -fertile branch with att ached
leaves is represented by pecimen MB.Pb.200111466 (Plate 5,
Fig. I ). another specimen PI i figured onl y for details in I ave
structures (Plate 6, Fig. 7) . In add ition. two unfigured specimen
aided our description.
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All techn ical work was carried our at the Museum of Naru­
ral H istory Berlin. The macroscopic images were taken with

ikon 0 00 and I [ikon 0 200 cameras. th e microscopic images
with a Leica OF C 425 camera at th e Leica W ild M 10 micro cope
and with a Leica OFC 495 camera at th Leica rnulritocus m icro­

cop e Z I6 APOA.
Specimens were d irectl y mounted on stub and spun ered

for JOO econds with Au/Pd on a BAL-T EC SC O 050 Sputter
Coater, The EM imag are taken with a j eol JS ~I -6300 and
with aJeo l]S I-66 I0 at I S kV. The images are ed ited with Adobe

Phoroshop 6.0.

Systematic description

Division Spermatophyta
Class Gnetophyta

Order Gnetale
Family unassigned

Genu Fri edsellowia LOWE. MOHR, COIFFARD,

BER ARDES-DE-OLlVEIRA gen. nov.

Generic diagnosis: Branching plant, slender articu­
lated axes, monoecious with microsporangi ate and
ovulate reproductive organs. In the juvenile state bear­
ing two broad cotyledons. Adult plant with long, nar­
row lanceolate leaves, attached in whorls of usually
four (or more i), but sometimes with two oppositely
arranged leaves. Venation of cotyledons and leaves
parallel with typic al chevron type veins of higher or­
der. Ovulate cone comprising several ovul ate repro­
ductive units, subtended by more than one set of
cale . Ovulate stru ctures in a whorled arrangement of

two or four in the proximate part of the cone, or in an
opposite-decussate arrangement (two units) in the
distal part. Ovulate cones sessile with ca. 8-16 (or
more) ovules/ seeds. Microsporangiate cones small,
sitting terminally on thin axes, sim ilarly structured as
ovulate cones with more and smaller scales.

Etymology: arned after th e Germ an bot ani st and explorer of
south ern Brazil FRIEDRICH SELLOW( 178 9- I83 I)
Type species: Friedsellotoia gracilifolia LOWE. MOHR. COIF­
FARD & BERNARD ES-DE-OLIV EIRA gen . nov. et sp. nov.

Friedsdloioia gracijoli« LOWE, MOHR, COIFFARD &
BERNARDES-DE-OLIVEIRA gen. nov. et sp . nov.

Specific diagnosis: Erect, branching plant. Habit
dominated by long slender articulated axes. Adult
leaves, attached usually as whorls of four or sometimes
two at closel y spaced nodes of side axes. Cotyledons
more or less oval in shape, entire, with linear veins and
obtuse tip and chevron type venation of higher order.

Adult leaves entire, linear in shape with five ro six par­
allel primary veins, between them th ree to four paral­
lel secondary veins, some times with several chevrons
and "braided" th ird order veins. Shape charact eri sti­
cally longer than wid e with a len gth -wid th ratio of
about 25 :1. Cotyledons sho rte r and wide r tha n the
adult leaves with a length -width rat io of about 5:1.
O vulate cones sessile, subtended by four side axes,
h ighly variable in size with few (4 - 6) to sev~ral ( 1~­
16) or more ovulate uni ts, arranged proximally In

whorls of four, distally in an opposit e-decussate ar­

ran zernenr. O vul ate cones with several subtend ing
leav~-like bracts. Small microsporangiate cones term i­
nally attached at side axes. Microsporangiate co nes
consist ing of many microsporan giare units with sev­
eral microsporangi a, each producing polyplicate pol­

len .
Holorype: hie designarus. Speci me n M B.Pb. I999/544

Pararype : hie designarus. Spec imen MB .Pb. I99 7/ I292
Repository: Museum of Natu ral H istory. Palaeob otanical C ol­

lections. Berlin . Germany and the Inst it ut e of Geoscience, Uni­

versity ofSao Paulo. Brazil.
Type locality: Open air pit sout h of Nova O linda near Santan a

do Cariri, State of Ceara. Brazil.

Type st ratum : Crate For mation, Ara ripe Basin .

Etymology: Translated from Lat in . meaning "th in leaves".

General description

Axes and roots: The main axis of Friedselloioia gen .
nov. grew straight upright and reached mo re than 1 m
in height. The conclusion is based on the size ofa spe c­
imen (M B.Pb.l 997 /1 293; Plate 11) that represents
approximately the upper third of a plant, that reaches
alre ady more than 40 em in high. In nearl y complete,
but not full y-grown plants, the main axis is about 23­
25 em long. The width remains roughly constant over
the entire length, in the lower part the maximum
width is about 2.8 mm and to the top the axis narrows
to 1.5 mm.

The plants branch after a short phase of growth
and four side branches are produced that bear leaves.
The main axis displays then a very elongated growth
pattern. Usually four side branches subtend a central
ovulate cone, arising from nodes directly beneath the
base of the cone. These side branches may develop a
second set ofside branches and so on. Small microspo­
rangiate cones sit at the terminal positions. So Fried­
selloioia gen. nov. shows clearly a sympod ial growth
pattern (see Text-fig. 2).

Text -fig . 2 . H ab it o f th e rep roductive pa rts of Friedsellotoia gen .
nov. and arrangement ofovulate and rnicrosporangiate cones; the
thick black line repr esents th e main axis. th in lin es side branches.
wh ite ellipsoids th e ovulate co nes. grey ellipsoids th e micro spo­
rangiate co nes; co nstru cted with LibreOffice Draw.

The axis seems to be strengthened by a thick outer
wall (Plate 5, Fig. 3). The axis is clearl y thickened at
the nodes where side axes branch off. Sometimes
nodes are thickened without side axes, but show a scar
ofa branch (Plate 5, Fig. 4). Below a terminal cone, the
axis appears to grow "barrel shaped" (Plate 5, Figs 5,
7). Usually more than two, generally four secondary
axes that subtend a (terminal) ovulate cone (Plate 5,
Figs 6, 7) , may bear microsporangiate cones (holorype
Plate 1, Fig. 1; Plate 3, Figs I , 2).

Anatomical observations (SEM) on the axes of
the specimens MB.Pb.1997/ 1292 and MB.
Pb.1999/2295 show tracheids with slightly sunken
circular bordered pits that do not touch each other.
They are arranged in single and double rows and have
round to slightly oval small openings (P late 6, Figs
1-3).

Two seed lings and a young plant are preserved
with roots and seeds (Plate 1, Figs 3,4; Plate 2, Figs 1,
2; Plate 5, Fig. 2) . Th e roots are about 5- 12 em long,
about 2-3 mm in di am eter without branch ing. Th e
primary root may be nearly straight, sometimes also
slightly twisted .
Seed lings: Th e seed lings th at co mprise the seed from
whic h the young plant started, th e primary root, th e
hypocotyl, th e cotyledons and (th ree) whorls of four
regular leaves are visible in MB.Pb.1998/690 and
M B.Pb. 1997 /1 226 (Plate I , Figs 3, 4), in this case 14
leaves. Th e overall size of th ese young plants is app rox­
imatel y 16-20 em . Th e seed (th ree-d imensiona lly pre­
served ) from wh ich the plant originate s, is app roxi­
matel y 5-6 mm in length and 3-4 mm in wid th , and
thus comparable with the ovules in the mature ovul ate
cones. The hypocoryl is app rox. 3-6{?) em in length,
in one very well preserved specime n (M B.
Pb.1998/690), 4 ern in length. At the base the cotyle­
dons are united to create a cotyledonar y tube. The pri­
mary root is sligh tly twisting and seems to have just a
few very thin lateral rootlets. Near the spot where the
root and the hypocotyledon grew out of the seed, an
extended leafy{?) area is seen, but poorly preserved so
that it is not clear, if a "feeder" was originally present
(Plate 5, Fig. 2). Each of the two seed lings shows two
entire and sligh tly ovate to linear-spatulate cotyledons
with an obtuse tip (Plate 6, Fig. 4) . They have an aver­
age length of24-33 mm and a width of 0.3-6.3 mm,
resulting in a length-width ratio of about 5:1. Thus
they are much wider than the normal (adult) leaves
(Plate 6, Fig. 5) . The venation of 10-12 veins extends
from the cuneate base of the leaf, running parallel to
the tip after the leaf reaches its full width (Plate 6, Fig.
4). The parallel running (first order) veins are closely
spaced. They are connected by short chevron like veins
(Plate 6, Fig. 8).
Leaves: The linear lanceolate and entire margined
leaves are narrow and long. On average, they reach a
length of25-67 mm and a width of2.7 mrn, resulting
in a length-width ratio of about 25: 1. They have a cu­
neate base and an obtuse tip (Plate 6, Fig. 5). The
leaves are attached at nodes usually more than two per
node, generally 4 or even more{?) (Plate 1, Figs 1, 2;
Plate 2, Figs 1, 2; Plate 5, Fig. 1). The nodes are closely
spaced on foliage shoots, so that these lateral axe ap­
pear to be densely leafy (Plate 6, Fig. 6). In the juvenile
stage, the leaves sit directly below the growing point at
the top of the main axis (Plate 1, Figs 3,4). All leaves
show a distinct parallel venation of five to six primary
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Text-fig. 3. Recon stru ction of cales (bracts) and envelopes of an ovulate reproductive unit of Friedselloioia gen. nov. (without dirn en-
ion ). Drawing based on fos il material ofFriedsellotoia gen. nov. and extant material ofE. distachya and Ephedrafoeminea (RYDIN er

al. 2010), u ing photograph s and drawings. Leftside: drawing based on fossil material/photographs (Plate. S. Fig. 2. and Plate 9. Fig
1-3). Right side: recon trucri on ofan ovule.

Explanations : 1. Scale (bract), consisting oflong fibers covering the complete cone, obscuring individual ovules (see Plate 7, Figs 1-3).
2. Outer calc (bract) of the ovule with smooch (black sh iny) surface (see Plate 8, Figs 3 and 6). 3. Seed envelope con sisting of short
(r ddi sh-brown) fibers. and papillate cell structures near the micropylar cube. 4. (Black) Isometric cells most likely belonging co the
inner epidermis of the seed envelope (Plate 9, Figs 3. 5.6). s. Area with elongated densely packed papillae 6. Integument covering the
complete nucellu s and forming me micropylar cube. 7. Nucellus, best seen in the seed ofone seedling (M B.Pb. 1997/ 122 6; Plate I . Fig.
3 and Plate 5, Fig. 2). 8. Gamerophyre.

vein , in between them three to four parallel econd­
ary vein, ornerirne with chevrons, partly in a "braid­
ed" arrangement (Plate 6, Fig. ). Stomata are poorly
pre erved, and cern to be arranged in single, not well
defined row between the primary veins; however, de­
tail of ize and hape of the to rnara cannot be deter­
mined.

Reproductive stru ctures

O vulate cones sit term inally atta ched on axes (Plate 7,
8; Plate 12, Figs 2-4) with length of about 16-20
(25) mrn and widths of5-8 mm. The cone size varies
with matu rity and with life tage of the plant - older
plant seem to produce bigger cones. They are elon­
gated oval in hape, more rounded at the base, taper­
ing at the top. The whole cone-complex seems to be
ubtended by more th an one set (offour?) elongated

I

2

3

4

leaf-like bracts (Plate, 7 Fig. 6). Each cone bears com­
monly 8- 16 ovulate reproductive un its (ovules), ar­
ranzed in three to four or more wh orls. Each who rl

e
consists ofeither four or in small cone two ovule (at
the distal part ) in an altern atin g arr angement. O nly
one specimen (FCr-78) has more ovules and 1- 2
more who rls th an all the other stu d ied cones (Plate 8,
Fizs l, 2). But the cone structure and arrangement are
in°principle identi cal. It is possible that this specimen
is either a different spec ies or a plant in a more adult

tage.
The ovules seem to bear at least two who rls of

outer scales, and possibly a set of inn er scales th at form
(?together) an envelope covering th e inne r ovu late
structu re completely (Plate 7, Figs 1,2; Plate 8, Figs 3,
4,6; Plate 9, Fig. 2). One of th e outer whorls of th ese
scales is very fibrou s and th e scales create a near com-

2

3,4

5

6

7

8

plere cover of th e cone with a den e bundle of fibers at
th e top of th e cone (Plate 9, Fig. 1; Plate 12, Figs 2, 3).
W hen th e cones are split open, the outer fibrou s scales
are well visible, as well as th e inner set of scales (see
Text-fig. 3). These scales have a smooth shiny sur face
under the light microscop e (e. g. Plate 8, Figs 3, 6) and
differ in th e original arrangement of the cells and in
the fossilized stage in color (Plate 9, Fig. 3). The seed
envelope is visible as a layer with inner papill ae (Plate
9, Figs 5, 6). Thi s seed envelope covers th e str aight mi­
cropylar tube (Plate 9, Figs 2,4). The micropylar tube
formed by th e integument that covers th e nucellus is
also visible.
Seed: In one of th e two seedlings and in on e young
plant fragments of th e actual seed are preserved (Plate
5, Fig. 2) . The seed is abo ut 6 mm long and 3 mm wide,
oval in shape, rounded at th e base and tapering at th e
top.
Microsporangiate cones sit in terminal po sition on
narrow side axes th at arise from no des di rectly beneath
th e base of th e sessile ovul ate cones (Plate 1, Fig. 3;
Plate 3, Fig. 1). They have an average length of 15­
20 mrn , a width of 6-8 mrn , and (mostly very badly
preserved ) are generally smaller th an th e ovul ate
cones. Somewhat better preserved microsporangiate
cones have an elongated oval shape, with a rounded
base and top (Plate 10, Figs 1, 2).

These cones exhibit more and smaller scales than
those of the ovulate cones. At the base a set of outer
scales may be visible. The individual cone scales that sit
in 6-8 whorls are about 4 mm long and 1.5-1.7 mm
broad. There may be up to eight scales per whorl , over­
all 48- 64 individual scales per cone are visible. Micro ­
sporangia growing behind these scales show bilobed
microsporangia (Plate 10, Figs 1-6), bearing inside
two pollen sacs with in situ pollen. The number of rni­
crosporangia per scale and also their arrangement are
not clear, but the microsporangia seem to be not fused
to form an antherophore. When mature, the pollen
sacs open slit-like with a single dehiscence zone.

By stu dying amples of these microsporangiate
cones under the SEM, cell structures from several tis­
sues of the microsporophyll (Plate 10, Figs 7-9) were
identified. Elongated oval shaped pollen grains (Plate
10, Figs 10-12) in situ are 40-50 fLm in length and
15-25 fLm in width, with slightly pointed tips. They
are polyplicare and seem to be inaperturate, the psilate
urface of the pollen exhibits a zigzag course of the

grooves between the plications.

Compa risons with extant an d exti nct Gnetales

Comparison with extant G ne ta les

Today th ere exist onl y three families of Gnerales:
Gneraceae, Ephedraceae and Welwitschiaceae. They
differ significantly in th eir mo rphology (KUBITZKI
1990 ), the ir reproductive strategy (FRIEDMAN &
CARMICHAEL 1996 ) and chloroplast genomes (Wu
er al. 2009). But th ey have also some important simi­
lariti es in th eir art iculate growth mode, opposite de­
cussate arrangement of (partly) reduced leaves and
sepa rated microsporangiate and ovulate cones. They
sha re common features in their wood anato my, for ex­
ample, th e arrangement and development of gymno­
spe rm bordered pits in the vascular bundles th at are
arranged in single or double longitudinal rows and
characteristic perforation plates (CARLQ~I ST 1996).

Gnetum appears as a shru b or liana, as well as a
tree. Long axes are arti culated. Minor axes branch at
nodes, where the leaves are also att ached in opposite­
decussate mode. The leaves are bro ad oval in shape and
share with flowering plants a reticulate venation. The
ovulate reproductive org ans are elongated structu res
without a cone-like habit. The ovule s are radiall y sym­
metrical and the seeds are enclosed in a fleshy, brightly
coloured envelope (KUBITZKI 1990).

Welioitschia consists of a large taproot and a short
stem from which onl y two large and long strap-shaped
leaves grow above the ground. The leaves have parallel
veins; the cotyledons show a typical chevron shaped
secondary venation. Weltoitschia is dioecious. Male
and female cones bear man y reproductive units (Ku­
BITZKI 1990).

Ephedra is a branched, shrub-like plant, rarely a
clambering vine or small tree, with long articulated
longitudinally grooved axe . Additional axes branch
off at nodes. Reduced cale-like leaves are opposite or
whorled and fused ba ally into a sheath. Small cone
with opposite decussately arranged bracts in two to
ten whorls sit on smaller and much horter axes. The
(reduced) leaves have only a set of two (or three), in
one species (Ephedraflliata) up to three parallel pri­
mary veins. The cone are composed of whorled stro­
bili. The primary root is con idered to be a tap-root
(MARTENS 1971, KUBITZKI 1990).

Gnetum differ clearly from Friedselloioia gen.
nov. in growth form, leaf shape and venation pattern
as well as in the organization of the reproductive or­
gans, and the pollen type does not match the charac­
ters ofFriedselloioia gen. nov.
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H7elwitscbitZ differ in variou a pect from Fried­
selloioin gen. nov. The latter doe not have the extreme­
ly pecialized set of rwo very large leaves a een in
Helwitscbia, but shares the general parallel venatio n
and the "braided" pattern of HelwitJCbitz's cot yledon s
and in its leave, cone with everal reproductive units
and po siblya feeder at the germin ating stage (PEAR­
so 1929) and po siblysulcate pollen. The repro duc­
tive tructures of Welioitscbi« are in a dichasial ar­
rangement, cones are u ually in group of two or more,
but Friedsellouiia gen. nov. ha termin al single cones.
The flowering structu re of H elioitschin includes rami­
nate and ovulate parts that are combined in a strobilus
(though only one ex i functional) which is not the
ca e in Friedselloioia gen. nov. Also th e wing-like fused
bract een in Helwitscbia' ovu late un its eern to be
no t pre en t, Generally poken, Friedsellowia gen. nov.
and H elioitschia share cone truc rures with many re­
product ive unit per cone, a character that had been
hypothe ized by 'Iu DRY& STUTZEL (2009) as be­
ing ba al for gne rophyre .

Ephedra and Friedselloioia gen. nov. differ in ev­
eral a pect but hare also many feature s. Most specie
of Ephedra have highly redu ced leaves, but in Ephedra
flliattz BOIss. leaves are not as reduced and grow in
whorl of two, three or four (D ESHPANDE & KEs­
WA I 1963 ). The leave may also differ in shape on a
ingle plant. In the lower part of the plant the leaves

are longer. In general , both Ephedra and Friedselloioia
gen. nov. share the parallel primary venation, even
though it i highly reduc ed in Ephedra. Interesting is
also the fact th at the cotyledons in Ephedra fl liata
Borss. remain intact for everal months and are stur­
dy, even when the plant has grown alread y normal
leave (D ESHPA DE & KESWANI 1963 ). This gtowth
pattern is een also in Friedselloioia gen. nov.

Ephedra and Friedselloioia gen. nov.share also the
principal cone structures. Both have microsporangiate
and ovulate cones th at grow on one plant in Fried­
selloioia gen. nov.The number ofovulate reproductive
unit per cone i relatively high in Friedselloioia gen.
nov., in Ephedra the number is only two to four. How­
ever, the general morphology of the ovulate strobilus
i very similar. The rnicro sporangiare cones of Fried­
selloioia gen. nov. most likely do not have anthero­
phore , as developed in Ephedra. In any case the pollen
sacs in Friedsellotoia gen. nov. are free, but share the
bilobed pollen sacs and the horizontal slit-like open­
ingwith Ephedra.The pollen in Friedsellou/ia gen. nov.
is imilar in shape, size and surface to the pollen ofsev-

eral Ephedra spec ies with it zigzag course of the
zroove s between th e plication , a sulcus mig ht have
been present , as een in Welioitschia bur thi feature is

not really visible.
Detailed anatomical stu d ies of microsporangiate

and ovulate cones from extant Ephedra distncbya show
clearly some similaritie wit h th e microsporangiate
and ovu late con e of Friedsellotoia gen. nov. (YANG
2004, RYD IN et al. 20 10). A chernatic reconstruction
(see Text-fig. 3) ofa median longitu dinal section ofan
ovulate un it of Friedsellowia gen . nov. is very well
comparable with th e median longitu d inal section of a
female con e of Ephedrafleminea, depicted by RYDI N

er al. (20 10).

Comp arison with extinct gneto phytes

Many gnetalean fossil remains, such as ephed roid
seeds, teri le parts of ephed roids and obscure repro­
ductive structures have been described in th e litera­
ture, and are not d iscussed here because of th eir in­
complete nature (e.g. RYDIN et al. 2006 ). Only two of
these fossils are mention ed here, Cmtonia, a seedling
with welwitsch ioid featu res (RYDIN er al. 2003) and
Eoantbus. Cratonia shares the basic broad oval form of
th e cot yledon s and th e general vena tion pattern with
those of the seedlings of Friedsellotoia gen. nov. that
have several parallel first orde r veins, and chev ron
shaped secondary veins (Plate 6, Fig. 8). There migh t
have been also a feeder in Friedselloioia gen . nov. Even
though both are in principle very sim ilar, th e differ­
ence between the two taxa i ob viou s; th e overall size
of Cratonia is bigger th an th e seedling ofFriedsellotoin
gen. nov., and th e overall shape of Cratonia's cotyle­
don s is much bro ader th an th e shape of th e cotyledo ns
ofFriedsellotoia gen. nov.

Eoantbus specimens consist of four ovule-bear­
ing structu re in whorls around a central axis th at is
subtended by a whorl of terile bract (KRASSILOV
1986 ). However, Eoantbus i very poorly preserved so
that a comparison between Friedsellotoia gen . nov. and
Eoantbus is not really po ssible , except for the sha red
character ofwhorls of four ovule bearing units.

Among the more complete extinct gnetalean
plants are those that share man y general character
with extant Gnerales, but do not belong to the gneto­
phyte families as defined by the character sets of the
three extant members Ephedra, Welwitschia and Gne­
tum. A second group shares man y characters with ex­
tant Ephedraceae and/or with Welwitschiaceae. So far
only a single taxon has been described that may also

have .irnilarities with Gnetum based on its reproduc­
tive ovulate struc ture (RY DIN & FRII 20 10) .

The Early C retaceous Sipbonospermum simplex
(RYD IN & FRIIS 20 10) from China shares some cha r­
acters with extant Gnetum, Sipbonospermum has ovu­
late reproduct ive organs th at are arranged in units of
three. Thi s is in clear contrast to Friedselloioia gen .
nov. with its well-developed con es with several whorls
of two or four reproductive units. Therefore Sipbono­
spermum and Friedselloioin gen. nov. may not belong
to th e same subclade of gnerophyces.

Cearania shares several characters with gneto ­
ph yres, including th e oppositely arranged parallel
veined leaves with paracyric stomata arranged in rows
(KUNZMANN er al. 2009), but may be not part of th e
crown group Gnetales. Also th e single term inally at­
tached ovulate and microsporangiate reproductive
structures do have some similarity with gnetalean
cones/s trobili.

Cariria orbiculiconiformis (KUNZMANN et al.
20 11) exhi bits an overall growth form th at is clearly
gneta lean. It has an art iculated habit , longitudinally
grooved axes, terminal, stipirare ovulate and mic ro­
sporangiate reproduct ive organs arranged in a dicha­
sium, a growth form th at is not unique in th e fossil
record of gnetophytes (e. g. Dreioria, see below). The
plant is branching profusely. Leaves sit oppositely ar­
ranged. The leaves show parallel primary venation
po ssibly several veins of higher order. The microspo­
rangi ate organs are unusual for gneralean plants. The y
are basket like with upright stand ing pollen-bearing
organs. In principle, th e slender long-jointed stems,
th e oppositely arranged leaves and parallel leaf veins
are comparable with Friedselloioia gen . nov. However,
th e rnicrosporangi ate and ovulate organs are quite dif­
ferent, even though both sha re some features such as
clearly developed micropylar tubes.

Guruanella (KRASSILOV 1982, KRASSILOV et al.
2004) and/ or the related taxon Chaoyangia liangii
(SUN et al. 1998 ), an early Creraceou plant fossil
from China and Mongolia, is generally interpreted as
a gnetophyte except by DUAN (1998) and WANG
(20 10). Thi s taxon shows some remarkable similarities
with other fossil gnetophyres in its general habit, but
especially with respect to the morphology of micro­
sporangiare and ovulate reproductive structures. The
plant exhibits striate stems, nodal architecture and
small narrow leaves in an opposite-decussate arrange­
ment. The latter are only fragmentarily preserved, but
have clearly visible parallel primary and less obvious

"braided" secondary venation with partially chevron s
(see WANG 20 10). The reproductive structures consist
of terminally attached well developed ovulate cones
(K RASS ILOV 1982 , DUAN 1998, WANG 2010) and
microsporangiate struc tu res th at po ssibly belong to
thi s plant (WANG 201 0), but are not dir ectly attached.
Nearly ball-shaped ovulate reproductive organs con­
sist of three to four seeds enclosed by two sets of scales:
th e inn er one is a th ick envelope, th e outer on e con­
sists of pro bably two scales forming a thin fibrous en­
velope, which decomposed in th e mature state leaving
behind a hairy/ fuzzy outer envelope of th e seeds plus
thick seed coats. Poo rly preserved nearly "bowl­
shaped" microspo rangiate st ructu res are subtended by
scales. These structures include pillar-like compo nents
with most likely two poll en sacs. These contain boat­
shaped mo nocolpare possibly smooth pollen grains.
The connec tion between ovulate and microsporangi­
ate cones is not clear and thus th e arrangement of th e
reproductive structu res in a dichasium is not certai n,
but po ssible. O verall th e reproductive structu res, es­
pecially th e microsporangiate on es, are similar to th e
reproductive struc tu res of Cariria. In contrast to
Cbaoyangia th e cones of Friedselloioia gen. nov. have
longer axes and several whorls and/ or pa irs of scales
plus ovules. Especially the microsporangiate organs of
Chaoyangia differ fundamentally from Friedselloioia
gen. nov. The latter have a general appea rance compa­
rable to recent Ephedra and/or Welioitscbia, while the
"bowl-shaped" structu re in Chaoyangia is not found
in recent gnetophytes, but perhaps occurs in fossil
Cariria. Also the pollen of Cbaoyangia i clearly not
ephedroid or welwitschioid, but smooth.

Fossil ephedroid taxa comprise several genera
from Russia/Siberia, Mongolia, China and Portugal.
The Chinese taxa include L iaoxialEphedra cbeniae
(RYDIN et al. 2006), Ephedra arcbaeorhytidosperma
(YANG et al. 200S ), and AllaepbedralEphedra (TAO &
YANG 2003); see also LIU et al. (2008) for taxonomic
discussion.

L iaoxia (Ephedm) cbeniae i articulate with slen­
der str iate stem . Lateral branches are axillar y, the
leaves are thin and membranous, linear to lanceolate
with an acute apex and two veins, and borne in an op­
po site arrangement. A pair of small cales ari e be­
tween leaves and branches at stem nodes. Cone are
sessile or stipirate, either terminally attached on stems
and branches or sitting in the axils of leaves. Ovules
plus bracts are arranged decussately, Friedselloioia gen.
nov. hares with Liaoxia the articulated growth form,
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Text-fig . 4. C haracter optimizatio n on the hypothesized topo logy. Characters: 1. Gn etalean art iculated habit. con es with many ovu­
late and microspor angiare uni ts. polypiicare pollen. 2. Redu ction of leaves and number of (ovulate) reproductive un its per cone. 3.
Presence of a feede r. 4. Globular pollen. leaves with ret iculate venatio n. S. Leaves with chevron shaped secondary venatio n. 6. Polypii­
care pollen with sulcus.

leaves would be clearl y epistornatic, but this ch aracter
has not been convincingly demonstrated in Fried­
sellotoia gen . nov. Furthermore the str ong do wnward
growing root ofFriedselloioias is not well suited to fix­
ate the plant in a waterlogged substrate. In this case
young plants may have been easily swept away under
rainy, sto rmy conditions and/or flooding events. A
third possibility, to interpret Fnedsellotoia gen. nov. a
a liana-like climbing plant or a spreading climber/
crambier can be ruled out. In the first case, the plant
would grow specific organs for an attachment. In the
second case Friedsellotoia gen. nov. would be certainly
not as stiff in its appearance but would have developed
pliable stems resulting in an arching habit and would
have used bri ties and spines for clinging on other
plants. Geological data from the Crate Formation and
paleo-geographical data of the early Cretaceou con­
firm a warm and sea onally dry climate in the lower
latitudes (DOYLE et al. 1982, CHUMAKOVet al. 1995,
ZIEGLER et al. 2003) (the Araripe Ba in being about
15 degrees south). Today extant Cnerales, especially
Ephedra (and Weluiitschia in a de ert environment)

but has far le reduced leave . Cone ofFriedsellollJi'l
gen. nov. are alway e sile and the calc (bracts) ur­
round the ovulate organs more or less completely, rhu
creatinz a more or Ie closed cone like structu re.

Th~ terns of Ephedra 'lrcb,zeorbytidospem lll
(YA G et al. 2005) are articulated. Two reduced nar­
row leave with parallel fir t orde r vein it in an op­
posite arranzemenr at th e nod e . In additio n, minor
axe branch ~ff from th ese nodes. C ones with on e or
tw o eed are attached terminally, sur rounded by tWO
pair of incomplete bract . The ovulate organ exhibits
a micropylar tube.

Alloepbedra]Ephedra xingxuei i described a an
erect herbaceou plant with art iculate finely str iated
tern . Jeave inserted at node , triangular to ovate in

shape and highly reduced. Only ovulate cone are pre-
erved. O vulate organ are stipitare, possibly with tWO

pair of decu ate and opposite , connate cales (at the
lower half) , and with one to two ovules per cone. AI­
loephedralEphedra xingxlIei is overall poorly pre-
erved , but po ssibly very closely related to the Chinese

taxon Ephedra arcbaeorbytidosperma. Unfortunately
no differential diagnosis has been given.

Ephedra arcbaeorbytidosperma hares with Fried­
selloioia gen. nov. the overall habit, narrow parallel
veined leaves and the terminal arrangement of the
cone. Friedsellouiia gen. nov.has well developed leaves
with three order ofveins plus cones with several sets
of ovule and is thus quite different from E. nrchaeo­
rbytidosperma.

Dreuma potomacensis (C RA E & UPCHURCH
198 ), from orth America, repre ents a welwit­
chioid taxon. The articulated, narrow axes branch

off at nodes, subrended by opposite and decu ssarely
arranged leave . The leaves are long, narrow, and oval
with a round tip and have about two primary veins
with chevron shaped econdary/tertiary venation. A
triplet (d ichasium) of cone(-like) reproductive organs
it terminally on the axes. The cone consist ofseveral

whorls of bracts creating a seed cone. About eight to
twelve reproductive units, containing seeds with visible
micropylar tube , are pre ent, Con istent with Fried­
sellotoia gen. nov. are the articulate construction of the
plant, the venation pattern ofleaves with primary, sec­
ondary and chevron like third order venation and the
dichasial arrangement and sympodial growth pattern
of the reproductive structures. The basic construction
ofme individual sessile terminal cone ofDretoria al 0

shows similarity with Friedselloioia gen. nov. in which
the eed are surrounded by several pairs ofbracts.

To conclude: in terms of gross morphology sev­
eral fossil taxa share characters with Fr iedselloioin gen.

, D"ewri,l matches th e characters of Frierlsellowiano v..
zen. nov. best, but is distin ct in overall gross morpho-

logy of the reproduct ive unit.

Phylogeny

A phylogenetic analysis was performed by a.dd ing the
characters of the fossil taxa to a phylogenetic data set
of Cnerales based on vegetative and reproduc tive
characteristics. The original ana lysis included the three
livinz taxa and several fossil taxa plus Friedselloioia

e . Izen. nov. Maxim um patslmony ana yses were con-
ducted using PAUP' version 4.0b l 0 (SWOFFORD
1999 ). However, after several runs th e trees obtained,
turned out to be roo un stable and ul timatel y unre-
olved. Therefore we did not use th ese tr ees in thi s pa­

per. However, when using charac ter optimization on a
hypothesized topology Friedsellotoia gen. nov. shows a
sister relationship with a clade comprising Welioitschia
and D retoria (see Text-fig. 4) . The topology is based
on the molecul ar stu dies of ZHO NG et al. (20 10) . The
diagram hows a si rer relationship bet ween Ephedra
and all the other gnet alean taxa. Gnetum is sister to a
clade which includes Friedselloioia gen. nov. and Wel­
toitscbia plu s Dreioria.

Ecological considerations

Friedselloioia gen. nov. wa a shru b-like plant, mo st
likely more th an a meter in height, with robust axes
and elongated internodes. Considering th e size of th e
plant, it had overall only a few narrow leaves at tached
at lower side axes; the upper part of the main axis was
apparently without leaves. A trongly developed main
root anchored the plant in the ground. Several cone
cales cover the seeds in a relatively thick envelope-like

manner. These characters may be interpreted as adap­
tation to open sunny habitats and possibl y (seasonal)
low precipitation. The sparse foliage and the leafshape
are interpreted as protections again st overheating and
water loss by reducing the leafsurface. AI 0 the multi­
layered seed envelopes may be considered to represent
a protection against dehydration. The str ong primary
root held the plant in the soil, and wa especially well
uited to supply seedling and young plants quickly

with the much-needed water.
Possibly Friedselloioia gen. nov. grew in sunny

open environments not far from the sho re, ince re­
mains ofFriedselloioia gen. nov. are relatively common
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in th e Crate sed iments. Plants in such shore environ­
ments may produce grass-like leaves. Thus Friedsello­
toia gen. no v. may be ecologically comparable to mod­
ern reed, growing close to the lake shore.

Two add itional ecological interpretations should
be also discussed . Friedsellotaia gen. nov. may have
been a (pa rtly) submerged aquatic plant (hydrophyte]
growing in sha llow water. The latter idea may stem
from the fact that rem ain s are rather common in the
sediments of the former Crato Lake. In addition, the
cone bearing axes are clearl y elevated compared to the
lower leafbearing axes and the latter might have grown
below the water urface. However, the interpretation
of Friedsellotoia gen. nov. as a hydrophyte is not con­
vincing, since aquatic plants have normally creeping
rhizomes and either large floating lamina or sub­
merged dissected leaves. The axe ofhydrophyte were
usually not stiff (woody??); in any case they do not
break in a brittl e manner as Friedselloioia gen. nov. did.
Furthermore, the nature of the leaves (thick and coria­
ceou versus thin and floating) is not clear and also the
sto matal distribution cannot be determined. Floating

Pinacea
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Friedsellowia

Gnetum



150 Sarah A. Lowe er al. Friedselloioia gracilifOlia, a new gne rophyre from Brazil 151

live in habitats with similar climatic cond itio ns and
Friedsellotoia' . character may be best inte rpre ted in
the arne way, namely adaptations to sunny habitats,
po sibly wi thstanding seasonal drough t ~"hen th e wa­
ter table of the (Crato) lake mig ht have fallen.

Conclusions
The new taxon FriedsellotoiagmcilifOlillgen. nov. er sp.
nov. from th e Lower Cretaceous C rato Form ation is
clearly a gnerophyre. Several characte rs, such as articu­
lated axes with leaves, in a whorled or opposi te ar­
rangem ent, parallel veined elongated entire leaves
with chevron shap ed interconnections and with sev­
eral typical gne ralean ovulate and microsporangi ate
cones confirm th e a signment. Friedsellotoia gen . no v.
sha res several characters with Welioitscbi« and fossil
Dreiorin. Therefore, Friedselloioia gen. nov. may be
closely related (sister raxon) to Welioitschin. the com­
mon characters are complex cones with many ovulate
and microsporangi are reproductive units, che vron
shaped vena tion of the cotyledons and possibly also a
feeder. (The latter has not been observed in Dreu/ria
because seedlings were not preserved. ) The overall
habit with it parce narrow leaves and the develop­
ment of pronounced primary roots of Friedsellotoia
gen. nov. are best interpreted as adap tat ions for warm
and easonally dry climate and/or in sunny environ­
ments close to the lake shore, pos sibly comparable
with modern reed.
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ITJFour nearly compl t p cim ns ofFriedsellotaiagr.zci/ijiJ/i'l gen. nov, et sp. nov.

Fig. I. Young plant wirh root.Icaves, axe and rerrninal ovulate and poorl y preserved putative young microsporangiare co nes (me,

ee arrow ) [holorype ~1B.Pb. 1999/544).

Young plant with leaves, articulated axes and rermina ] ovulate cones (pararype MB.Pb.1 997/ 1292 ).
Seedling with se d. roor , two cotyledons and nrsr sets ofyoung leaves (MB,Pb.1997/ 1226).

e dling with roor , two coryledons and first ets ofyoung leaves (MB.Pb.1998/ 690) .

Pl are I

Fig. 2.
Fig. 3.
Fig. .

Plate 1. LOWEet al.: Friedselloioia graci/ifo/ia. a new gnerophyre from Brazil.
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Plate 2

early complete specime n ofFriedselloioiagmciliflli.lgen. nov. et sp. nov.

Fig. I. Young plant with seed. root . leaves. axes and termin al ovulate cones (MB.Pb.1997/ I294a).
Fig. 2. 1\1B.Pb. I99 II 29 b counterpart.
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Plate 2. LOWEet al.: Friedselloioingl'llciliflli'l. a new gnetophyte from Brazil.
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Plate 3

Incompl re pecirnens of Friedsellotci«gmciliJoli.zgen. nov. ct sp. nov.

Fig. I. Main axi and ide axes with rerm inal ovulate and microspo rangia re con es (me), see arrows (MB.Pb.19971I283a) .
Fig. 2. Branch ing axes from me main axis. bearing axillary ovu late and micr osporangiate cones (me). sec ar rows (M B.

Pb.199 /1 2 lOa).
Fig. 3. Branch ing main axis with tWOterm inal con es (MB.Pb. 1999/ 6 16).
Fig. 4. Ar ticul ate main axis. ide branche and terminally atta ched ovulate cones (M B.Pb.199 11288).
Fig. 5. Specimen with three elong ated ovula te cones (FC r- 8).

me
.------

Plate 3. LOWEet al.: FriedsellotoiagracilifOlia. a new gnetophyte from Brazil.
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Plate 4. LOWEet al.: Friedselloioin gmcilifOlitl. a new gnc rophyrc from Brazil.

Incomplete specimens ofFriedselloioi«gmcilifOli.l gen. nov. et sp. nov.

Fig. I . Terminal ovular cone with cales and two poorly preserved ?microsporangiare cones (l\ l B.Pb .1999/ S06).
Fig. 2. Two term inal cone . one ovulate cone with visible scales and two rh in branch ing axes (M B.Pb.1999/ 2298a).
Fig. 3. Di per ed microsporangiare cone with relatively small oute r cales and microsporangia (WI B.Pb.1999/ S30).

Fig. . Dispersed microsporangiare cone with very well preserved microsporangia (M B.Pb.2000/76).

Fig. S. Terminal ovulate con e: with two side axes (MB.Pb.1999/ SIS).
Fig. 6. Term inal ovulate cone with well developed firsr set of scales (M B.Pb.l 999/ 229S).

P late 4
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Fig. 3.
Fig. 4.
Fig. S.
Fig. 6.
Fig. 7.

Plate 5

De tails of Friedselloioiagmci/ifl/i'l gen. nov. er sp. nov.

Fig. 1. Twig wit h leaves attached as who rls offour at closely spaced nod es (M B.Pb.200 1/1 466).
Fig. 2. Oval shaped seed with fragme nts of a dark-colored smoo th envelope ; root. main axis and possibl y a feed er (see dotted

white line) grow our of th e seed (M B.Pb.1997/ 1226).
Axis with well developed cortex (M B.Pb.1997/ 1210a) .
A th ickened "barrel shaped" node UvlB.Pb.1997/ 121Oa).
"Barrel haped" axis below a cone (M B.Pb.1997 / 121Oa).
Remn ants ofan ovulate cone. with three side axes subrend ing th e con e (M B.Pb. 1997/ 121Oa).
"Barrel shaped" axis below a not preserved cone, plus a small ovulate cone (M B.Pb.1997/ 121 Oa),
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Plat e 5. LOWE et al.: Friedsellotoia graci/ifl/ill. a new gnetophyte fro m Brazil.


