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ABSTRACT. The Jurassic locality San Juan Mixtepec (Zorrillo Formation in the state of Oaxaca) contains fossil 
plants of the order Bennettitales, mainly of the genus Zamites, as well as reproductive structures of the genera 
Williamsonia, Williamsoniella and Weltrichia, but male reproductive structures of the latter genus are scarce 
and almost restricted to the south of Mexico; they have also been reported in the Triassic of the north of Mexico. 
Here we report a new record for this locality and a new species of male reproductive structure of the genus 
Weltrichia. We recovered half of an adpression in fine-grained sandstone with the positive and negative of the 
adaxial part of the male reproductive structure, which when open measures 22.6 cm in diameter. A reconstruc-
tion suggests the presence of ten centrifugal rays that become thinner towards the acute apex and are fused in 
a central basal cup. The structure exhibits complete centrifugal rays with basal structures that are interpreted 
as insertion sites for pollen sacs. We employed acetate peel, mechanical separation and hydrofluoric acid (HF) 
maceration techniques for extraction of anatomical samples. We compared 13 morphological and 10 anatomi-
cal characters with previous records from localities in México, Europe, Asia and other parts of the world. We 
observed epidermal cells and syndetocheilic stomatal apparatuses, which corroborate an epidermal affinity to 
the Bennettitales. This new record would be the largest male reproductive structure found in the region thus 
far, and increases the distribution of Weltrichia in the Jurassic of Oaxaca.
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A plant group within the gymnosperms that 
belongs to the order Bennettitales had a domi-
nant distribution worldwide, with a strati-
graphic range from the Triassic to the Creta-
ceous (Delevoryas, 1991; Parrish et al., 2004; 
Anderson et al., 2007; Taylor et al., 2009; Popa, 
2014, 2019). It is the most abundant fossil 
plant group in Mexico, found mainly in strata 
from the Lower and Middle Jurassic; and the 
oldest records correspond to the Santa Clara 
Formation from the Upper Triassic (Carnian 
Norian) in the state of Sonora (Weber et al., 
1980; Weber and Zambrano, 1985; Weber, 
2008; Silva-Pineda et al., 2011; Velasco-de 
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León et al., 2012). This order is divided into 
the families Cycadeoidaceae, based on veg-
etative and reproductive anatomy, and Wil-
liamsoniaceae, represented by uni- or bisexual 
reproductive organs, reproductive structures 
similar to flowers. The structures assigned to 
this family belong to the genera Williamsonia 
Carruthers, Wielandiella Nathorst emend Pott 
(female reproductive structures), Weltrichia 
Braun emend Harris (male reproductive struc-
ture) and Williamsoniella Thomas (bisexual 
reproductive structure) (Wieland, 1914; Person 
and Delevoryas, 1982; Silva-Pineda, 1984; 
Delevoryas, 1991; Anderson et al., 2007; Tay-
lor et al., 2009; Silva-Pineda et al., 2011; Pott, 
2014; Popa, 2014, 2019). According to previous * Corresponding author
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reports, male reproductive structures are less 
frequent than female ones in the fossil record 
(Delevoryas, 1991; Silva-Pineda et al., 2011; 
Velasco-de León et al., 2012; Popa, 2014, 2019).

The genus Weltrichia has a stratigraphic 
range from the Triassic to the Cretaceous, 
with a distribution in Austria, China, France, 
South Africa and Ukraine (Triassic), and in 
Antarctica, the United States, India, Eng-
land, Iran, Italy, Japan, Kazakhstan, Malay-
sia, Nepal and Romania (Jurassic) (Ander-
son et al., 2007; Velasco-de León et al., 2012; 
Popa, 2014, 2019). This genus is characterized 
by a central cup from which fused microspo-
rophylls or centrifugal rays radially emanate, 
ornamented with ridges, striae and/or tri-
chomes, with bivalve synangia or pollen sacs 
that contain elliptical and monocolpate pol-
len. They occasionally exhibit centripetal rays 
around the central cup, resiniferous bodies or 
attractants, and other ornamentation in both 
the microsporophylls and the central cup (Har-
ris, 1969; Delevoryas, 1991; Anderson et al., 
2007; Popa, 2019). The species of Weltrichia 
in Mexico are distributed in the Middle Juras-
sic strata of Oaxaca in the Ayuquila Forma-
tion (Campos-Madrigal, et al., 2013; formerly 
Tecomazuchil Fm) near the base of the Peña 
de Ayuquila, with records of W. ayuquilana 
Delevoryas and W. microdigitata Delevoryas 
(Delevoryas, 1991) as well as W. mixtequensis 

Silva-Pineda, Velasco-de León, Arellano and 
Grimaldo (Silva-Pineda et al., 2011).

In the Jurassic locality of San Juan Mixte-
pec (Zorrillo Formation) in the state of Oaxaca 
there is an important presence of Bennetti-
tales, mainly of the genus Zamites Brongniart, 
as well as reproductive structures of the genera 
Williamsonia, Williamsoniella and Weltrichia. 
However, records of male reproductive struc-
tures at species level are scarce and almost 
restricted to the Ayuquila Basin in the south of 
Mexico (Delevoryas, 1991; Silva-Pineda et al., 
2011; Velasco-de León, et al., 2012; Lozano-
Carmona, 2017). This new record from the 
Middle Jurassic of the Zorrillo Formation in 
San Juan Mixtepec would be the southernmost 
species of the state of Oaxaca thus far, and will 
help determine the diversity of this genus in 
Mexico in the future.

MATERIALS AND METHODS

The specimen was discovered in San Juan Mix-
tepec, Tlaxiaco, in the northwestern part of the state of 
Oaxaca. The outcrop is 2 km southeast of the town of 
San Juan Mixtepec, on the bank of the Mixteco River 
(17°17′N and 97°48′W) (Fig. 1a). The Zorrillo Forma-
tion has been dated to the Bathonian (Erben, 1956; 
Sandoval and Westermann, 1986). More general stud-
ies have been conducted in the Mixteco Terrane, which 
includes the Mixtepec region, for which a continental 
environment has been proposed (Morán-Zenteno et al., 

Fig. 1. Studied locality and stratigraphic section. a. Studied locality (red dot). b. Stratigraphic section of the San Juan Mix-
tepec locality
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1993). In the study locality, Lozano-Carmona (2017) 
measured the column and noted that the base of the 
outcrop is of sedimentary origin and is 223 m thick. It is 
correlated with the Cualac Formation and is in discord-
ant and erosional contact with the Acatlán Complex. In 
concordant basal contact it is overlain by a finer sedi-
mentary sequence that, consists of intercalations of fine 
to medium yellow-ocher sandstone, dark grey lutite, 
and carbon lenses; the sequence has a partial thickness 
of 145 m. This sequence is interpreted as being part of 
the lower unit of the Tecocoyunca Group, Zorrillo For-
mation, dating to the middle Jurassic (Bajocian), with 
fossiliferous layers located between the eighth and 
tenth meters of column thickness. Undulating strata of 
carbon, lutite and fine sandstone, tool marks, ripples, 
cross-lamination, and increasing and composite grada-
tion have also been identified.

Material had been collected previously in 
a sequence 5.5 m thick, while the studied specimen 
was collected in an underlying stratum, 40 cm from 
this sequence (Fig. 1b). We recovered half of an open 
male reproductive structure in adaxial view in fine-
grained sandstone. The adpression was extracted with 
the positive and the negative parts; adpressions gen-
erally lack a cuticle but we were able to obtain frag-
ments. We described and measured the morphological 
characters and made a reconstruction of the structure. 
Extraction of cuticle fragments recovered from some 
centrifugal rays and the cup helped to identify its ana-
tomical characters (Guzmán-Madrid et al., 2019). The 
specimen and cuticular samples are deposited in the 
Paleontological Collection of the Facultad de Estudios 
Superiores Zaragoza of the National Autonomous Uni-
versity of Mexico under the acronym CFZ M102.

The material was observed under an Olympus 
SZ51 stereomicroscope and photographed with an 
Olympus Stylus Tough-6020 digital camera. We used 
acetate peel, mechanical separation, and 10% hydro-
fluoric acid (HF) maceration techniques to extract the 
anatomical samples. The cuticles were treated with 
40% nitric acid (HNO3) and 5% ammonium hydrox-
ide (NH4OH), bleached with 3.5% hydrogen peroxide 
(H2O2), washed with distilled water, and suspended 
in 5% glycerin (Kerp, 1990; Kouwenberg et al., 2007; 
Guzmán-Madrid, 2016; Guzmán-Madrid et al., 2019). 
The samples were observed fresh under an Olympus 
BX41 optical microscope (OM) and photographed with 
an Olympus E-620 digital camera. Morphological and 
anatomical measurements of the specimen were made 
in ImageJ ver. 1.38x. We then observed and photo-
graphed them using a Hitachi SU1510 scanning elec-
tron microscope (SEM).

We examined the records of 25 valid species of 
the genus Weltrichia dated to the Triassic and Juras-
sic present in localities of Mexico (Person and Delevo-
ryas, 1982; Delevoryas, 1991; Silva-Pineda, et al., 2011; 
Velasco-de León et al., 2012), Europe (Harris, 1969; 
Popa, 2014, 2019), Antarctica, Asia, the United States 
and South Africa (Sitholey and Bose, 1953; Kimura and 
Ohana, 1989; Sun et al., 2001; Schweitzer and Kirchner, 
2003; Li et al., 2004; Anderson et al., 2007; Popa, 2014, 
2019), and compared their morphological and anatomi-
cal characteristics with the specimen from San Juan 
Mixtepec. We used the terminology of Harris (1969) and 
Popa (2014, 2019) for the descriptions of all characters.

RESULTS

SYSTEMATIC PALEOBOTANY

Order BENNETTITALES Engler, 1892

Family WILLIAMSONIACEAE  
(Carruthers) Nathorst, 1913

Genus Weltrichia  
Braun, 1847 emend. Harris, 1969

Type species: Weltrichia mirabilis  
Braun, 1847, from the Jurassic of Veitlahm 

(Bavaria), Germany

Weltrichia magna Guzmán-Madrid 
et Velasco-de León, sp. nov.

H o l o t y p e. No. CFZ M102 positive and nega-
tive (Pl. 1, figs 1–11), (Pl. 2, figs 1–12) MO and 
SEM.

R e p o s i t o r y. Deposited in the Paleontological 
Collection of the Facultad de Estudios Superi-
ores (FES) Zaragoza of the National Autono-
mous University of Mexico (UNAM).

T y p e  l o c a l i t y. On the bank of the Mixteco 
River, San Juan Mixtepec, Oaxaca. 

S t r a t i g r a p h y  h o r i z o n. Middle Jurassic, 
Bajocian.

E t y m o l o g y. The specific epithet refers to its 
characteristic size (from the Latin magnus, 
feminine magna = large).

D i a g n o s i s. Male reproductive structure 
with a central fibrous cup of very small size as 
compared to the length of the rays, with a long 
peduncle. It exhibits ten centrifugal rays, 
slightly curved, with an acute apex, thin veins 
and striae, and moderately deep scars towards 
the base of the rays. Short, basal centripetal 
rays. The cuticle of the centrifugal rays and 
the cup has longitudinal epidermal cells, from 
rectangular to isodiametric, with straight, 
undulating and sinuous walls. The cuticle of 
the cup shows hair bases. Syndetocheilic sto-
matal apparatus.

D e s c r i p t i o n. Half of an adaxial adpression 
of a male reproductive structure measuring 
22.6 cm in diameter, fibrous central cup 3.7 cm 
in adaxial diameter, inner rim 2.3 cm, lateral 
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Plate 1. 1 Morphology of Weltrichia magna sp. nov. 1. a, b. Adaxial view, negative and positive; 2. Adaxial view of cup; 
3. Lateral internal view of cup and part of fused rays; 4. Cup depth; 5. Lateral view showing cup and peduncle (arrowhead); 
6. Drawing of adaxial view; 7. Detail showing fusion of centrifugal rays to cup (arrowhead); 8. Insertion scars in centrifugal 
rays (arrowheads); 9. Detail of scars; 10. Detail of centripetal ray (dotted line); 11. Centripetal rays around cup and at base 
of centrifugal rays. Scale bars: 1, 6 = 5 cm; 2, 3, 5, 11 = 2 cm; 4, 7, 8 = 1 cm; 10 = 0.5 cm; 9 = 0.2 cm
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Plate 2. Cuticle of centrifugal rays and cup of Weltrichia magna sp. nov. 1–3. Epidermal cells in center and margin of ray; 4. Mar-
ginal syndetochelic stomata in center of ray, showing occlusive cells (blue arrowheads) and subsidiary cells (white arrowheads); 5, 6. 
Adaxial and lateral views of stomata of ray, showing ostiole, occlusive and subsidiary cells (arrowheads); 7. Stomata in longitudinal 
rows and interspersed in base of ray; 8, 9. Cup cuticle with dispersed stomata; 10. Cup cuticle with sinuous epidermal cells and 
row of stomata (arrowheads); 11. Detail showing thickness of cuticle and hair bases in cup (arrowheads); 12. Fibrous material in 
insertion scars (arrowheads). MEB: 1, 2, 3, 10, 11, 12; MO: 4–9; Scale bars: 1 = 50 µm; 2, 5, 7–10, 12 = 20 µm; 3, 4, 6, 11 = 10 µm



100 D.S. Guzmán-Madrid and M.P. Velasco-De León / Acta Palaeobotanica 61(1), 95–106, 2021

width 2.5 cm and depth 3 cm (Pl. 1, figs 1–5). 
Peduncle 9 mm wide and 6 cm long (Pl. 1, 
fig. 5). Ten radially fused rays originated from 
the cup (the reconstruction suggests 10 rays in 
total); (Pl. 1, figs 6, 7), 1.3–1.5 cm wide at base 
and 9–10.2 cm long, becoming thinner towards 
tip, with slight outward curvature towards the 
acute apex (Pl. 1, fig. 1a, b); fine longitudinal 
veins and striae observed along centrifugal 
rays, as well as 6–8 basal, elliptical, moderately 
deep and irregularly arranged scars probably 
corresponding to scars of pollen sacs (Pl. 1, figs 
8, 9). Maximum apical distance between centrif-
ugal rays 5–8.4 cm, distance between centrip-
etal rays 2–2.2 cm, rays 0.7–1.1 cm wide and 
1–1.4 cm long, triangular, with fine longitudinal 
striae (Pl. 1, figs 1, 10, 11). Cuticle of centrifu-
gal rays exhibits epidermal cells longitudinal 
to veins (with variation of shape and size along 
ray), rectangular, 7–9.5 µm wide and 26.6–
35.5 µm long, with straight walls 3.5–5.9 µm 
wide at base of ray; rectangular, quadrangular, 
and isodiametric epidermal cells 3.4–14.5 µm 
wide and 8.7–47.8 µm long, with slightly undu-
lating walls 1–1.8 µm wide towards center and 
margin of ray; and rectangular epidermal cells 
6.1–9 µm wide and 22–27.4 µm long, with sinu-
ous walls 1.4–1.7 µm wide towards ray apex and 
in veins (Pl. 2, figs 1–3). Oval syndetocheilic sto-
matal apparatus, 12–14 µm wide and 15–19 µm 
long, with slightly open ostioles 1.4–3 µm wide 
and 8–13.8 µm long. With two occlusive cells 
3.6–5 µm wide and 12–15 µm long, and two 

opposite subsidiary cells 3.5–4.9 µm and 6.1–
8.6 μm long (Pl. 2, figs 4–6). Epidermal cells 
usually more elongated inside central cup than 
in centrifugal rays, undulating to sinuous, up 
to 17 µm wide and 69 µm long, with thickened 
walls 2.4–3.3 µm wide. Stomata in centrifu-
gal rays and cup slightly sunken, irregularly 
arranged, occasionally arranged in rows and 
interspersed (Pl. 2, figs 7–10). Cuticle of inter-
nal central cup 1–4.9 µm thick, with hair bases 
1–1.6 μm in diameter (Pl. 2, fig. 11). Cuticle 
exhibits fibrous material in insertion scars, in 
fine basal striae of centrifugal rays, and inside 
central cup (Pl. 2, fig. 12).

REMARKS

The male structure W. magna sp. nov. was 
found in a stratum associated with fragmented 
leaves of the genus Zamites. In the same layer 
we found a leaf of Z. lucerensis next to the 
structure. 

MORPHOLOGY

We examined the records of male reproduc-
tive structures from the Middle Jurassic of 
Oaxaca present in the Ayuquila Basin and com-
pared their morphological characters with Wel-
trichia magna sp. nov. Thus far there have been 
no records of cuticular preservation or anatomi-
cal analysis of the species from Oaxaca (Tab. 1).

Table 1. Comparison of 13 morphological characters of Weltrichia magna sp. nov. with previous records in localities from the 
Middle Jurassic of Oaxaca

Weltrichia

Characteristics

W. magna sp. nov. 
Guzmán-Madrid et 

Velasco-de León, 2021

W. mixtequensis  
Silva-Pineda, Velasco-
de León, Arellano et 

Grimaldo, 2011

W. microdigitata  
Delevoryas, 1991

W. ayuquilana  
Delevoryas, 1991

Localities San Juan Mixtepec Ayuquila town Peña de Ayuquila Peña de Ayuquila
Age Middle Jurassic Middle Jurassic Middle Jurassic Middle Jurassic
State Oaxaca Oaxaca Oaxaca Oaxaca
Diameter 22.6 cm 7.5–8 cm 3 cm 3–6 cm
Cup center 3.7 cm – – 3 cm
Rim / cup center 2.3 cm 2.3–3 cm 1.5 cm –
Base width 2.5 cm 2 cm 1.5 cm –
Height 3 cm 2–2.5 cm – –
Peduncle width 0.9 cm – – ?
Peduncle length 6 cm – – –
# Centrifugal rays 5 (10) 7 (14) 14 10
Centrifugal ray length 9–10.2 cm 7.6 cm 0.7–0.8 cm 1.5 cm
Centrifugal ray width 1.3–1.5 cm 0.7–0.9 cm – –
Trichomes No Yes No No
Ornamentation Striae, scars Striae Median ridge Median ridge, scars
Pollen sacs ? Yes Yes Yes
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Among the evaluated morphological differ-
ences, the size of Weltrichia magna sp. nov. 
is notable, measuring 22.6 cm in diameter: it 
is the largest unisexual reproductive structure 
found in Mexico. The male structures W. mix-
tequensis, W. microdigitata and W. ayuquilana 
are considerably smaller, measuring between 
3 and 8 cm in diameter, with centrifugal rays 
with acute apexes and varying in shape, 7.6 cm 
long in W. mixtequensis and smaller than the 
compared species, measuring between 0.7 cm 
and 2 cm in length. The centrifugal rays in 
W. magna sp. nov. exhibit a slight downward 
curvature towards the acute apex and measure 
up to 10.2 cm in length. From the proportional 
measurements we infer that there are ten cen-
trifugal rays. W. mixtequensis and W. micro-
digitata, which are smaller male reproduc-
tive structure, have more rays (14–20) than 
W. magna and W. ayuquilana (10); the latter 
is also small. We observed a peduncle and cen-
tripetal rays in W. magna sp. nov., which are 
not visible in the other species. It has longitu-
dinal striae in the rays, as in W. mixtequensis, 
and basal scars that differ in shape and depth 
from those in W. ayuquilana. 

The size and depth of the scars of W. magna 
sp. nov., and the fibrous material inside them, 
suggest the likely insertion of pollen sacs that 
were not preserved due to some taphonomic 
event, unlike in W. ayuquilana, W. microdigi-
tata and W. mixtequensis. The thick cuticle in 
the central cup, with small hair bases, and the 
presence of centripetal rays in the base of the 
centrifugal rays, serve a protective function in 
the cup, since centripetal rays are related to the 
protection of resiniferous bodies or attractants 
inside the cup (Popa, 2014, 2019). However, the 
internal carbonization of the cup in W. magna 
prevents observation of these structures.

We subsequently examined the records of 
valid Weltrichia species distributed in different 
localities of Europe and Asia and with an age 
range from the Late Triassic to the Late Juras-
sic, and compared their morphological charac-
teristics with Weltrichia magna sp. nov. (Tab. 2).

The comparison of the different species of 
Weltrichia indicates great variation in morphol-
ogy, ornamentation, and the size of both the cup 
and the centrifugal rays, as well as the con-
servation of pollen sacs and other structures. 
It is important to note that some species lack 
comparable characters due to their conserva-
tion: for example, Weltrichia oolithica Saporta 

1891, whose total number of centrifugal rays is 
unknown, and Weltrichia primaeva Schweitzer 
et Kirchner 2003, for which there are only frag-
ments of centrifugal rays (Popa, 2014). The 
lithology, taphonomic processes, and state of 
development in which they were found can also 
complicate a comparison of characters. How-
ever, W. magna sp. nov. can be clearly distin-
guished from all the examined male structures.

One distinct characteristic of Weltrichia 
magna sp. nov. is the diameter of the whole 
structure, measuring 22.6 cm, with an affin-
ity to W. santalensis (Sitholey et Bose) Harris, 
which measures up to 23 cm, and W. sol Harris, 
measuring up to 20 cm. The diameter of the cup 
of the new species measures 3.7 cm, as com-
pared to the 10 cm cup diameter of W. sol. The 
adaxially exposed centrifugal rays of W. magna 
sp. nov. reveal a slight curvature towards the 
exterior of the cup (Pl. 1, fig. 1a, b); in other 
species this curvature has only been described 
towards the interior of the cup, as in W. fabrei 
Saporta, W. mirabilis Braun and W. whitbien-
sis (Nathorst) Harris. The centrifugal rays can 
measure up to 10.2 cm in length and 1.5 cm 
in width, a characteristic that shows affinity 
to W. santalensis, having rays approximately 
10 cm long and 2 cm wide. Regarding the num-
ber of centrifugal rays, W. magna sp. nov. and 
the species W. antonii Popa, W. ayuquilana 
Delevoryas, W. johannae Popa, W. mirabilis, 
W. oolithica Saporta, W. pecten (Leckenby) Har-
ris and W. steierdorfensis Popa exhibit between 
9 and 12 centrifugal rays; they are the species 
with the lowest number of rays. 

Weltrichia magna sp. nov. shows fine lon-
gitudinal veins and striae running along the 
centrifugal rays, and a fibrous and moderately 
rigid surface. Albeit with a different arrange-
ment and thickness, this type of ornamenta-
tion can also be observed in W. daohugouensis 
Li, W. fabrei, W. harrisiana Bose et Banerji, 
W. hirsuta Schweitzer, W. mirabilis, W. ooli-
thica, W. pecten, W. santalensis, W. sp. Kimura 
et Ohana, W. spectabilis (Nathorst) Harris and 
W. whitbiensis. At the base of the centrifugal 
rays we observe elliptical, elongated and moder-
ately deep scars in groups of six to eight, which 
contrasts with the circular to elliptical scars 
found in pairs in W. givulescui Popa (Popa, 
2001). These scars have been inferred as cor-
responding to rudimentary or immature pollen 
sacs, as in W. sol, according to the description 
by Harris (1969). However, the basal scars in 



102 D.S. Guzmán-Madrid and M.P. Velasco-De León / Acta Palaeobotanica 61(1), 95–106, 2021

T
ab

le
 2

. 
C

om
pa

ri
so

n 
of

 1
2 

m
or

ph
ol

og
ic

al
 c

ha
ra

ct
er

s 
of

 W
. 

m
ag

n
a 

sp
. 

no
v.

 w
it

h 
pr

ev
io

us
 r

ec
or

ds
 f

ro
m

 d
if

fe
re

nt
 l

oc
al

it
ie

s 
of

 E
ur

op
e 

an
d 

A
si

a,
 e

m
ph

as
iz

in
g 

th
ei

r 
af

fin
it

ie
s.

 A
bb

re
vi

at
io

ns
: 

D
sr

 =
 r

ep
ro

du
ct

iv
e 

st
ru

ct
ur

e 
di

am
et

er
, 

C
c 

= 
cu

p 
ce

nt
er

, 
B

s 
= 

re
pr

od
uc

ti
ve

 s
tr

uc
tu

re
 b

as
e 

w
id

th
, 

H
s 

= 
re

pr
od

uc
ti

ve
 s

tr
uc

tu
re

 h
ei

gh
t,

 B
p 

= 
pe

du
nc

le
 b

as
e 

w
id

th
, 

P
l 

= 
pe

du
nc

le
 l

en
gt

h,
 

R
cf

# 
= 

nu
m

be
r 

of
 c

en
tr

if
ug

al
 r

ay
s,

 R
l 

= 
ra

y 
le

ng
th

, R
a 

= 
ra

y 
w

id
th

, T
 =

 t
ri

ch
om

es
, O

 =
 o

rn
am

en
ta

ti
on

, S
p 

= 
po

ll
en

 s
ac

s,
 J

 =
 J

ur
as

si
c,

 T
 =

 T
ri

as
si

c.
 M

ea
su

re
m

en
ts

 i
n 

ce
nt

im
et

er
s

C
ha

ra
ct

er
s

W
el

tr
ic

hi
a

L
oc

al
it

y
A

ge
C

ou
nt

ry
D

sr
C

c
B

s
H

s
B

p
P

l
R

cf
#

R
l

R
a

T
O

S
p

W
. m

ag
na

 s
p.

 n
ov

.
G

uz
m

án
-M

ad
ri

d 
et

 V
el

as
co

-d
e 

L
eó

n,
 2

02
1

Zo
rr

ill
o

JM
M

éx
ic

o
22

.6
3.

7
2.

5
3

0.
9

6
5(

10
)

9–
10

.2
1.

3–
1.

5
N

S
tr

ia
e,

 s
ca

rs
?

W
. a

lf
re

di
 (

K
ra

ss
er

) 
P

op
a,

 2
01

4
S

te
ie

rd
or

f
JL

R
om

an
ia

12
5.

4–
5.

5
–

1
–

–
13

–1
4

3–
3.

2
1–

1.
2

–
F

in
e 

st
ra

nd
s

N
W

. a
lp

in
a 

K
ra

ss
er

, 1
91

9
S

ou
th

 T
yr

ol
T

U
G

er
m

an
y

5.
4

?
?

?
?

?
14

?
?

?
M

ed
ia

n 
ri

dg
e

N
W

. a
nt

on
ii

 P
op

a,
 2

01
4

S
te

ie
rd

or
f

JL
R

om
an

ia
10

5.
2

–
0.

5–
0.

7
–

–
9–

10
2.

5
1.

3
–

F
in

e 
fib

ro
us

 s
tr

an
ds

N
W

. d
ao

hu
go

ue
ns

is
 L

i 
et

 a
l.,

 2
00

4
D

ao
hu

go
u

JM
C

hi
na

9.
8–

10
4.

8–
5

–
–

–
–

22
–2

3
2–

2.
5

0.
4–

0.
5

Y
S

tr
ia

e,
 r

es
in

 b
od

ie
s,

 fi
be

rs
Y

W
. f

ab
re

i 
S

ap
or

ta
, 1

89
1

M
en

de
JL

F
ra

nc
e

?
–

2.
4

?
–

–
7?

5–
6

0.
8–

1
–

S
tr

ia
e

Y
W

. g
iv

ul
es

cu
i 

P
op

a,
 2

00
1

S
te

ie
rd

or
f

JL
R

om
an

ia
8–

10
3–

4
1

1.
5–

2
–

–
16

4–
5

0.
7–

1
–

S
ca

rs
, r

es
in

 b
od

ie
s 

 
or

 a
tt

ra
ct

an
ts

?

W
. h

ar
ri

si
an

a 
B

os
e 

et
 B

an
er

ji,
 1

98
4

K
ur

bi
 a

nd
  

K
ak

ad
bh

it
JM

In
di

a
12

–1
5

2
–

–
–

–
12

–1
4

2.
5–

3.
5

0.
5–

0.
8

–
S

tr
ia

e,
 m

ed
ia

n 
ri

dg
e

Y

W
. h

ir
su

ta
 S

ch
w

ei
tz

er
, 1

97
7

Za
ng

er
ud

JL
Ir

an
13

–1
4

5
–

–
?

–
46

4.
5?

?
Y

S
tr

ia
e

Y
W

. h
ua

ng
ba

nj
in

go
ue

ns
is

 S
un

 e
t 

Zh
en

g 
 

em
en

d.
 Z

he
ng

, 2
00

4
Y

ix
ia

n
JU

C
hi

na
–

3.
5

–
2

0.
4

2
–

–
–

–
–

Y

W
. j

oh
an

na
e 

P
op

a,
 2

01
4

S
te

ie
rd

or
f

JL
R

om
an

ia
7

1.
5

–
–

–
–

12
2.

5–
2.

7
0.

5–
0.

6
–

S
ur

fa
ce

 s
m

oo
th

, m
ed

ia
n 

ri
dg

e
N

W
. m

al
da

en
si

s
P

al
 e

t 
G

ho
sh

, 1
98

5
M

ilk
i

JU
In

di
a

7?
2

–
1.

2–
1.

5
–

–
8(

16
)

2.
5

0.
5

–
M

ed
ia

n 
ri

dg
e

Y

W
. m

ir
ab

il
is

 B
ra

un
, 1

84
9

V
ei

tl
ah

m
JL

G
er

m
an

y
10

5
–

2
–

–
10

–1
1

3–
4

?
–

S
tr

ia
e,

 m
ed

ia
n 

ri
dg

e
Y

W
. o

ol
it

hi
ca

 S
ap

or
ta

, 1
89

1
V

en
et

o
JU

It
al

y
12

?
4

–
–

–
–

9?
3–

4
?

–
S

tr
ia

e
Y

W
. p

ec
te

n 
(L

ec
ke

nb
y)

 H
ar

ri
s,

 1
96

9
Y

or
ks

hi
re

JM
U

ni
te

d 
K

in
gd

om
10

–1
2

3–
5

–
–

–
–

10
–1

2
3

0.
5–

1
–

S
tr

ia
e,

 r
es

in
 b

od
ie

s,
 s

tr
an

ds
Y

W
. p

ri
m

ae
va

 S
ch

w
ei

tz
er

 e
t 

K
ir

ch
ne

r,
 2

00
3

Zi
ra

b
JL

Ir
an

?
?

?
?

?
?

?
6

0.
9

–
M

ed
ia

n 
ri

dg
e

Y
W

. s
an

ta
le

ns
is

  
(S

it
ho

le
y 

et
 B

os
e)

 H
ar

ri
s,

 1
96

9
B

ih
ar

JM
-L

In
di

a
22

–2
3

2.
8–

4.
5

–
1–

2.
5

–
?

20
10

?
–

S
tr

ia
e

Y

W
. s

et
os

a 
(N

at
ho

rs
t)

 H
ar

ri
s,

 1
96

9
Y

or
ks

hi
re

JM
U

ni
te

d 
K

in
gd

om
12

4
–

–
–

–
20

4–
6

1–
1.

6
Y

B
ri

st
le

s
Y

W
. s

ol
 H

ar
ri

s,
 1

96
9

Y
or

ks
hi

re
JM

U
ni

te
d 

K
in

gd
om

17
–2

0
10

–
7–

8
–

–
30

5–
6

1
Y

F
ib

er
s,

 w
ri

nk
le

s,
 r

es
in

 b
od

ie
s

Y

W
el

tr
ic

hi
a 

sp
. 

(s
p.

 n
ov

.?
 K

im
ur

a 
et

 O
ha

na
, 1

98
9)

O
gi

no
ha

m
a

JU
Ja

pa
n

10
2.

7
–

–
–

–
15

–1
6

3.
7

1
N

S
tr

ia
e,

 fi
be

rs
, m

ed
ia

n 
ri

dg
e

N

W
. s

pe
ct

ab
il

is
 (N

at
ho

rs
t)

 H
ar

ri
s,

 1
96

9
Y

or
ks

hi
re

JM
U

ni
te

d 
K

in
gd

om
14

–1
6

4
–

3
?

?
13

3–
5

1
N

S
tr

ia
e,

 w
ri

nk
le

s,
 m

ed
ia

n 
ri

dg
e

Y

W
. s

te
ie

rd
or

fe
ns

is
 P

op
a,

 2
01

4
S

te
ie

rd
or

f
JL

R
om

an
ia

10
.5

–1
2

4–
4.

5
1

0.
5

–
–

12
2.

5
–

–
M

ed
ia

n 
ri

dg
e

N
W

. w
hi

tb
ie

ns
is

 (N
at

ho
rs

t)
 H

ar
ri

s,
 1

96
9

Y
or

ks
hi

re
JM

U
ni

te
d 

K
in

gd
om

12
–1

3
4–

5
–

2.
5

–
–

13
–1

6
4

1
N

S
tr

ia
e,

 r
es

in
 b

od
ie

s
Y



D.S. Guzmán-Madrid and M.P. Velasco-De León / Acta Palaeobotanica 61(1), 95–106, 2021 103

the centrifugal rays of W. magna sp. nov. may 
correspond to poorly preserved pollen sacs, as 
occurs in W. givulescui. The structural fragil-
ity and loss of pollen sacs, as well as the devel-
opmental state of the living structure, have 
already been mentioned by Harris (1969) and 
Popa (2014). It is important to note that the 
species W. steierdorfensis, W. sp., W. johannae, 
W. antonii, W. alpina Krasser and W. alfredi 
(Krasser) Popa, besides lacking pollen sacs, also 
lack insertion scars in the centrifugal rays and 
the central cup. Even though we only recovered 
the positive and negative of half of an adaxial 
cone of W. magna sp. nov., its position and 
inclusion in fine-grained sandstone allowed con-
servation of the longitudinal inner part of the 
central cup, with a peduncle 0.9 cm wide, as 
reported in W. huangbanjingouensis Sun et al., 
having a peduncle 2 cm long. We also observed 
four centripetal rays located at the base of the 
centrifugal rays, which are structures reported 
in W. givulescui, W. johannae and W. setosa. 
These characteristics are rarely preserved.

CUTICULAR STRUCTURE

We were able to compare preserved epider-
mal characters only with Weltrichia pecten, 
W. setosa, W. sol, W. spectabilis and W. whit-
biensis. According to the anatomical descrip-
tions by Harris (1969), Delevoryas (1991) and 
Popa (2014, 2019), Weltrichia is character-
ized by the presence of syndetocheilic stoma-
tal apparatuses with subsidiary cells opposite 
the guard cells, which are characteristics pre-
sent in W. magna sp. nov. that corroborate its 
epidermal affinity to the genus. In addition, 
the epidermal cells are rectangular, as in W. 
setosa, quadrangular as in W. spectabilis, and 
isodiametric with straight, slightly undulat-
ing walls as in W. sol, and with sinuous walls 
as in W. whitbiensis. However, in W. magna 
sp. nov. the shape of the epidermal cells and 
the cell walls varies according to their position 
along the centrifugal rays and the central cup. 
The stomata are irregularly positioned and 
occasionally arranged in rows in the rays or 
interspersed in the fibers of the central cup. 
Trichomes are not visible in the cone or hairs 
in the centrifugal rays, as in Weltrichia mix-
tequensis; however, trichome bases can be 
observed in the epidermis of the central cup, 
which has not been reported thus far. We also 
observed fibrous material in the striae of the 

rays as reported by Harris (1969) in W. pecten, 
in the insertion scars, and inside the central 
cup, which corresponds to a slightly woody 
and strongly striated surface, also mentioned 
by Popa (2014). 

PALEOBIOLOGY  
OF WELTRICHIA MAGNA SP. NOV.

The morphological and anatomical char-
acteristics of Weltrichia magna sp. nov., and 
the vertical and erect position of the specimen 
on a long peduncle of rigid appearance, sug-
gest that it was a strong supporting structure, 
slightly woody on the exterior and fibrous in 
the basal part of the centrifugal rays and the 
interior of the central cup. We propose that its 
main function was to disseminate pollen for 
reproductive purposes or through a pollination 
mechanism (anemophilous, hydrophilous or 
entomophilous), previously discussed by sev-
eral authors (Labandeira, 1997, 1998; Oller-
ton, 1999; Popa, 2014; Pott, 2014; Pott et al., 
2016; Peris et al., 2017). As mentioned before, 
the structurally fragile and easily removable 
pollen sacs protected in simple appendages 
(Harris, 1969; Popa, 2014, 2019), as well as the 
curved morphology in the apexes of the cen-
trifugal rays, lead us to infer, from its adax-
ial position (Popa, 2014), anemophilous and 
hydrophilous pollen dispersal (Fig. 2a–d). 

The thick cuticle in the central cup, with 
small hair bases and the presence of centrip-
etal rays at the base of the centrifugal rays, 
serve a protective function in the cup, since 
centripetal rays are related to protection of 
resiniferous bodies or attractants inside the 
cup (Popa, 2014, 2019). 

CONCLUSIONS

Our comparison of Weltrichia magna sp. 
nov. from the San Juan Mixtepec locality with 
other species of male reproductive structure 
from localities of Oaxaca and from Asia and 
Europe allowed us to identify distinct morpho-
logical characters, such as the shape and size of 
the reproductive structure, which is the largest 
male structure found in Mexico thus far and one 
of the largest worldwide, supporting the pro-
posal of a new species based on this specimen. 

Importantly, our cuticular analysis yielded 
the first description with morphological and 
anatomical characters of the genus Weltrichia 
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in Mexico, and expands on previous studies 
of this genus. The new finding increases the 
species records of the paleoflora of the region 
and the distribution of male structures in the 
Jurassic of Oaxaca.
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