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Abstract

Anomozamites is a fossil-genus of leaf attributed to the Bennettitales, with a
distribution mainly in the Kingdom of Laurasia and a stratigraphic range of
the Upper Triassic to the Lower Cretaceous. In Mexico there were only re-
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ports of some specimens until the 1980s and later of four fossil-species at the
beginning of the 21st century, all of them from the Jurassic in the Mixteco
Terrane. In this review, three fossil-species of Anomozamites are identified:
A. angustifolium is the first of them, which is a fossil-taxon with a range of
the Rhaetian to Bajocian and Euramerican distribution; the second one is A.
cf. triangularis, of which the geographic and stratigraphic extension of fos-
sil-taxon is proposed; finally, we propose the existence of the A. sp.1, infor-
mally named, but with morphological characters that do not match the de-
scriptions of Triassic/Jurassic fossil-taxa. These identifications were made
based on macromorphology of the foliar organs and on the review of the di-
agnostic characters of both the fossil-genus and the fossil-species of tax-
onomic validity. Then, with this study, the taxonomic and phytogeographic
knowledge of Anomozamites during the Jurassic period is increased and this
allows reconsidering the amplitude of the Wielandiella distribution, a fos-
sil-genus related to Anomozamites due to the existence of two fossil-taxa in
organic connection.
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1. Introduction

The Jurassic flora, in the Paleofloristic kingdom of Laurasia, were dominated by
gymnosperms and among them, the Bennettitales stood out for their abundance
and their wide distribution. The Bennettitales resided primarily in the kingdom
of Laurasia, but there were records of their distribution in the kingdoms of
Gondwana to the south and Angara to the northeast. They were the main ele-
ments in the vegetation of Laurasia along with Ginkgoales, Pinales, Cheirolepi-
diales and ferns [1] [2] [3] [4] [5]. In several Jurassic localities of the Mixteco
Terrane in southern Mexico, the abundance of Zamites Brongniart and Otoza-
mites Braun (Bennettitales) is outstanding. When citing an example, in the Rio
Numi locality of the undifferentiated Zorrillo-Taberna formation (Zorrillo-Ta-
berna), the abundance of these fossil-genera reaches 43.5% of the registered pa-
leoflora, which consists of 415 specimens [6] [7] [8] [9]. Therefore, some studies
have proposed that the Bennettitales are distributed among the autochthonous,
allochthonous and parautochthonous communities in lowland and floodplains
environments of the Mixteco Terrane, a distribution that has been based on the
taphonomic analysis [10] [11]. Based on these studies, we know that leaves of
Anomozamites Schimper emend. Pott et McLoughlin are exclusive bennettitals
of the parautochthonous community in the Zorrillo-Taberna formation [10].
However, Anomozamites has not been studied in Mixteco Terrane [6] [12].

The reports of Anomozamites in the Mixteco Terrane have been rare. Only
references [12] [13] reported a specimen collected during their work in the Mix-
teca Alta, respectively. This situation causes a deficit in the knowledge of the
richness and distribution of Anomozamites within the Mixteco Terrane and the
adjacent regions. In addition, having specifically the presence of Anomozamites
in the Mixteco Terrane would imply changes in their distribution within the
Kingdom of Laurasia during the Jurassic and the Mesozoic.

To achieve an advance in the knowledge of the richness and distribution of
Anomozamites within the Mixteco Terrane, we have worked with the paleobo-
tanical set protected in the Paleontological Collection of the Faculty of Higher
Studies Zaragoza (FESZ) of the National Autonomous University of Mexico
(UNAM). This collection contains more than 3 thousand specimens of macro-
fossils from the Mixteco Terrane and is widely representative due to its diversity
and abundance [7] [8] [9] [11] [14] [15] [16]. Then, to identify the material, we
carried out the search and compilation of the morphological diagnostic charac-
ters of Anomozamites and the valid fossil-species of the Mesozoic [17] [18] [19]
[20]. Therefore, we followed the diagnostic characters for the identification of

Anomozamites, and his characters were applied to 400 hand specimens with
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plant fossils of the Cafiada Alejandro locality, Zorrillo-Taberna formation in
Mixteco Terrane, to separate the corresponding specimens. In this way, we ob-
tained results demonstrating the presence of several fossil-species of Anomoza-
mites in Mexico.

In this work, we identify three fossil-species of Anomozamites based only on
the macromorphological characters because even though the material is frag-
mented and is not abundant (parautochthonous), the morphological characters
are visible, and they allow supporting the identifications. Therefore, the present
review has constituted a significant advance in the knowledge of the diversity of
Anomozamites and the Williamsoniaceae family in the Mixteco Terrane, and
this allows us to incorporate information on the distribution of these fossil-taxa
in the kingdom of Laurasia. Information may be used in subsequent phytogeo-

graphic analyzes of the Jurassic.

2. Material and Methods

To carry out the identification and classification of the plant fossils of Cafiada
Alejandro deposited in the Paleontological Collection of the FESZ-UNAM,
firstly, a bibliographic review of the taxonomic status of Anomozamites and its
fossil-species valid worldwide was carried out. Subsequently, the different diag-
nostic characters mentioned in the historical and recent documents were col-
lected [6] [13] [17]-[27]. These characters were compared with 400 hand speci-
mens with plant fossils, and the specimens compatible with the description of
Anomozamites were selected. In the second step, to carry out a detailed review
of these specimens and to determine the number of fossil-species a Nikon
SMZ-10A stereoscope was used. The use of this instrument allowed to observe in
detail the morphological characters of the specimens in question. Each specimen
was reviewed and classified based on the diagnostic characters (qualitative and
quantitative) that are mentioned in the literature (Figure 1). These characters
are the following: the general morphology of the leaf and leaflets, see [19]; the
length and width of leaflets, length/width ratio (typically as long as wide, but up
to twice as long as wide); the type of base and type of apex of the leaflets; the
number of veins and presence-location of dichotomies; the attachment angles
and position of the leaflets on both sides of the rachis; the width and characteris-
tics of the rachis; the length and width of the segmented (pinnate) leaf. To
measure the macroscopic quantitative characters, a Vernier and 360" transporter
was used. To measure millimeter details, the ImageJ 1.48v program was used,
which allows obtaining precise measurements. Each specimen worked was pho-
tographed with the use of a Sony Cybershot DSC-H10 camera (Carl Zeiss Lens:
3.5 - 4.4/6.3 - 63) applying the techniques proposed in [28].

Also, an analysis of the distribution within the Mixteco Terrane was made and
compared with the Anomozamites world records based on the Fossilworks.org
registry [29] and the published records to interpret the taxonomic and phytogeo-

graphic implications with the records of Anomozamites in the Mixteco Terrane
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Figure 1. Diagnostic morphological characters of Anomozamites. (1). Leaf petiolate, lan-
ceolate and elongated, lamina divided into leaflets, apically paripinnate. Leaflets typically
as long as wide, maximum twice as long as wide (B) and laterally inserted into the rachis
(A)-(E). The venation is dichotomous, and parallels arranged perpendicular to the rachis.
Dichotomies from the basal portion to the apex (A) (B). Leaflets trapezoidal, semi-square
to triangular in form. Rachis striated transverse- and longitudinally by several stretch
marks. Apex from round to truncated (C)-(E). Prepared based on Reference [19].

and its relationship with Wielandiella Nathorst emend. Pott (Bennettitales: Wil-
liamsoniaceae) [24] [26].

3. Geological Framework

The study locality from which the revised material comes is called Cafiada Ale-
jandro and is located in the municipality of Tlaxiaco, Oaxaca, southern Mexico
(Figure 2). This locality has been referred to as the Zorrillo-Taberna formation
[15]. The general lithological composition of Zorrillo-Taberna consists of inter-
layers strata of coal, shale, and sandstone [30] [31]. Specifically, in the locality of
study, it has been reported that it is composed of “sandy and shale, in irregular
and continuous strata of a thickness of 20 cm, which thin up to 10 cm, with a
high percentage of clay matrix, with fine clasts to very fine and sub-angular
quartz” ([15], p. 60). Characteristics allowed the fossilization of an abundant as-
sociation of the leaves, mainly Bennettitales [15]. The accumulation of Zorril-
lo-Taberna was under constant subsidence of the paleobasin of Tlaxiaco. This
process is associated with the fragmentation of Pangea during the Middle Juras-
sic [30] [31]. The inference of the age of the deposit has been proposed based on
its stratigraphic position, which underlies the Taberna formation. The deposit of
the Taberna formation was made during the Bajocian inferred age based on the

content of the Ammonites [32].
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Figure 2. Simplified geologic map showing the location of the Cafiada Alejandro locality
to the west of the H. Tlaxiaco City in the northwest Oaxaca. The map is based on the
Tlaxiaco Geological Chart-Mine E14-D34 Oaxaca [33] and the references [15] [30].

4. Results and Discussion

We reviewed 400 hand specimens from Cafiada Alejandro (Ca), which corres-
ponds to the Zorrillo-Taberna formation [15]. Of these specimens, 20 corres-
pond to Anomozamites based on the morphological characteristics of the leaf
and its leaflets [19].

4.1. Paleobotanical Systematics

Order Bennettitales Engler, 1892

Family Williamsoniaceae (Carruthers, 1870) Nathorst, 1913

Genus Anomozamites Schimper (1870) emend. Pott et McLoughlin, 2009

Species Type: Anomozamites nilssonii (Phillips, 1829) Harris, 1969, from the
Jurassic of Yorkshire, UK.

Anomozamites angustifolium Pott et McLoughlin, 2009

Figure 3(a), Figure 3(d) and Figure 3(e)

Material studied. CFZ-Ca 11, 51 (1), 115 (1), 208; 210, 224, 205, 304, 306,
319, 354, of Cafada Alejandro, Tlaxiaco, Oaxaca. Undifferentiated Zorrillo-Ta-
berna formation.

Description. Narrow and regularly segmented leaves. Incomplete specimens
with a conserved length of up to 6.1 cm and 1.5 to 3 cm in width. The leaflets of
a square to semi-trapezoidal shape, subopposed and laterally inserted into rachis.

The leaflet with a length of 0.7 to 1.8 cm and a width of 0.9 to 1.3 c¢m, in the
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Figure 3. Leaves of Anomozamites of the Canada Alejandro locality, Zorrillo-Taberna
formation. (a), (d) and (e) A. angustifolium, leaf is regularly segmented from the middle
region of the leaf, strongly convex basiscopic margin; (d) the venation of the leaflet is ob-
served, and the dichotomy of the veins is indicated by a black arrow; (e) basal region of a
leaf where the leaflets are wider than their length; (b) A. cf. triangularis, the leaflets with
triangular morphology and the slightly convex basiscopic margin; (c) and (f) A4. sp.1, in
(c), the basal portion of the leaf is observed, and the leaflets decrease in length toward the
anterior portion, with a white arrow indicating the venation parallel; (f) corresponds to
the middle region of a leaf regularly segmented and with the opposite leaflets; (c) and (f)
the falcate form and obtuse apex of the species are noted. Graphic scale = 1 centimeter.

basal portion the width of the leaflet reaches 2.5 cm; a length/width ratio of 1:>1,
the acroscopic angle is straight 90°, while the basiscopic angle goes from 60° to
90°; truncated apex and straight base. Thin veins that pass through the leaflets
and are arranged perpendicular to the rachis in a range of 15 to 25 per leaflet,
bifurcating at least once at the base very close to the rachis. Rachis width is 0.1

cm, without a preserved petiole. The acroscopic margin of the leaflets is straight,
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but the basiscopic margin can be strongly convex.

Comments and interpretation: Anomozamites angustifolium is a species
with a wide stratigraphic range that goes from the Upper Triassic (Rhaetian) to
the Middle Jurassic (Bajocian) with records mainly in Euroamerica. It is a spe-
cies of a foliar organ with morphological variations in its foliar architecture
which has been recognized based on a large collection [19]. The reviewed speci-
mens of the Mixteco Terrane share most of the morphological characters, only
with some minimal variations. Characters that match and are diagnostic of the
fossil-species are the following: the length/width ratio of the leaflets, which is less
than twice the length with respect to the width, the number of veins greater than
15 per leaflet, the truncated to round apex, and the square shape of leaflets.
Characters with slight variations are the width of the leaflets that is greater in the
samples of the Mixteco Terrane. This could indicate that some fragmented sam-
ples would correspond to the base part of the leaves. However, other specimens
are regularly segmented indicating that they correspond to the middle or even
apical region of the leaf. In this case, 10 specimens are considered to be from the
middle region mainly because of the width of the leaflets, since if they corres-
ponded to the apical part the leaflets should decrease in proportional size. Only
the CFZ-Ca 306 specimen corresponds to the base portion of a leaf because it is
clearly the portion that is not segmented as in the rest of the leaf, a feature com-
mented in the reference [19].

The studied specimens that correspond to Anomozamites angustifolium differ
from other species with general morphology of the similar leaf in several charac-
ters, especially in the morphology and size of the leaflets, number of veins and
location of dichotomies. A. angustifolium differs from A. minor (Brongniart)
Nathorst (Rhaetian), A. thomasi Harris (Middle Jurassic), A. sanjiaocunensis
Miao et al. (Middle Jurassic), A. villosus Pott et al. (Middle Jurassic) and A. si-
nensis (Zhang et Zheng) Pott (Callovian/Kimmeridgian) since this has leaflets of
square to semi-trapezoidal morphology, they are arranged in a subopposite way
on each side of the rachis and contain more than 15 veins with dichotomies in
the base of each leaflet. In addition, the length/width relation of the leaflets in
the middle region of the leaf is up to 1:>1 and does not present hairs [19] [20]
[21] [23] [27].

Anomozamites ct. triangularis

Figure 3(b)

Material studied. CFZ-Ca 226 and 262 of Caiiada Alejandro, Tlaxiaco,
Oaxaca. Undifferentiated Zorrillo-Taberna formation.

Description. Leaves regularly segmented, narrow and incomplete, with a
conserved length of up to 6.8 cm and 2.5 cm wide. The leaflets of triangular
form, opposite to semi-opposite, inserted laterally into the rachis with a length
of 1 - 1.3 cm and a width of 2.1 - 2.6 cm, with a length/width ratio of 1:2, the
acroscopic margin is straight (90°), while the basiscopic is acute (35° - 40°), apex
rounded, straight base, with 22 - 25 fine veins that pass through the leaflets and

arranged perpendicular to the rachis, few dichotomies at the base and at the
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middle portion of the leaflet. The rachis width is 0.1cm with several longitudinal
grooves, without preserved petiole.

Comments and interpretation: The reviewed specimens correspond to in-
complete leaves, so their total length is unknown, and it is impossible to estimate
it since the fragments are small. The region to which they would correspond is
the middle portion of the leaf because the segmentation is regular, and the leaf-
lets are well defined. The apex and petiole are unknown. The rachis is remarka-
bly narrow and has several very fine longitudinal grooves; this characteristic is
present and is observable in all the previous records of Anomozamites in the
Mixteco Terrane [9]. The rachis is notably different from that of the Triassic
species of Scania and Greenland [19] [24] and with other records from the Ju-
rassic of Asia and South America [21] [22] [23] endowing the leaf with a light
and fragile but not rigid appearance. The leaflets are triangular in shape (scalene
triangle) and the length/width ratio is 1:2.

The characteristic shape of the leaflets of the specimens studied is clearly
comparable with the Anomozamites triangularis (Nathorst) Pott et McLoughlin
from Scania, Sweden, and A. sp., from Daohugou, China, which correspond to
the only reports with a triangular morphology of the leaflets outside the Mixteco
Terrane [19] [27]. However, there are several qualitative to quantitative differ-
ences with A. triangularis, on the one hand, the general shape, although it is tri-
angular in Mexican specimens, the apical part is noticeably more rounded and
the basiscopic margin is more convex in Swedish specimens. In addition, the
dimensions are incompatible, in the revised specimens the leaflets are double the
width with respect to A. triangularis which has leaflets with a width of 1.3 cm
and 1 cm in length; therefore, the length/width ratio is also incompatible, seen as
1:2 in the specimens studied, while in A. triangularisit is <1:1 [19]. On the other
hand, compared to the Daohugou specimen, the differences are with the width
and number of leaflet veins that is greater in the Mexican specimens. The mor-
phology proposed in the reconstruction of the Chinese specimen differs when
presenting a greater acroscopic margin length [27].

The comparison with the previous records of Anomozamites in the Mixteco
Terrane denotes differences and similarities. The shape and arrangement of
stretch marks in the rachis is a compatible character among all records, includ-
ing this one. The reference to the report of A. triangularis, made in [9], denotes
the same differences mentioned as with those reported for the Scania, Sweden.
Regarding the stratigraphic scope of Anomozamites triangularis, reports from
Sweden correspond to the Upper Triassic, with exclusivity to the Rhaetian age
[19]. A second report corresponds to the one made for the Zorrillo-Taberna
formation, in the Rio Numi locality [9], 6 kilometers away from the town of
Canada Alejandro. However, a stratigraphic correlation between both locations
has not been made.

Anomozamites sp.1

Figure 3(c) and Figure 3(f)

Material studied. CFZ-Ca 11, 167, 168, 326 (2), 328, 329, 375 of Caiiada
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Alejandro, Tlaxiaco, Oaxaca. Undifferentiated Zorrillo-Taberna formation.

Description. Thin leaves regularly segmented, the apex, the base and the pe-
tiole of the leaves are unknown. They are up to 7.7 cm long and between 1.3 and
2 cm wide. The leaflets are falcate in form, with a length of 0.6 to 0.9 cm and a
width of 0.6 to 1 cm, consequently a length/width ratio of 1:1. The number of
veins per leaflet is 9 to 12, they are parallel and dichotomous at the base and oc-
casionally in the middle region, and they pass through the leaflets perpendicular
to the rachis. The apex is obtuse to subround and they are united by all the base
to the rachis in the opposite position and sometimes they are subopposed. The
rachis is thin with a thickness of 0.1 cm with a longitudinal groove.

Comments and interpretation: The reviewed specimens are thin leaves,
segmented regularly, and the size and morphology of leaflets are homogeneous.
However, the apex and the base of the leaves are unknown, so it is not possible
to estimate the total length of the leaves. The morphology, both of the leaf and of
the leaflets, is remarkably different from the species previously registered in the
Mixteco Terrane region, with the exception of the Anomozamites cf. angustifo-
lium [6] [9]. The morphological data reported in reference [9] corresponding to
the size, number of veins and shape of the leaflets are fully compatible with A.
sp.1 and since A. angustifolium consists of the leaflets of the square to semi-trapezoidal
shape with a round apex and more than 15 veins per leaflet, we consider that the
previous report of A. cf. angustifolium made in [9] must be included in this new
identification. Another report that presents high morphological similarities with
A. sp.1 is that of A. minor from the Upper Jurassic of Colombia [21]. However,
the latter has a poor morphological description, and the distinguishing characte-
ristics do not allow the classification with A. minor because, as comments in
[19], the inadequate classification of several reports in this species was generally
done when in fact they corresponded to some other.

In this case, we consider, according to the characteristics shown in references
[21] that the report of A. minor of the Jurassic of Colombia, could correspond to
the identification presented here of A. sp.1. The basis of this interpretation is the
compatibility of the following characters: falcate shape, obtuse apex, number of
veins of the leaflets and the size and presence of a single longitudinal groove in
the rachis.

Anomozamites sp.1 differs from species such as A. baegunsaensis Kim (Upper
Triassic), A. minor (Rhaetian), A. lindleyanus Schimper (Middle Jurassic), A.
nilssonii (Phillips) Harris (Middle Jurassic), A. sanjiaocunensis (Jurassic Middle),
A. thomasi (Middle Jurassic), A. villosus (Middle Jurassic) and A. sinensis (Cal-
lovian/Kimmeridgian), because it has small leaflets with a 1:1 length/width ratio,
has a falcate shape, obtuse apex and they are attached to the rachis in the oppo-
site position, and have no hairs, dentate margin, rectangular shape or longitu-
dinal groove in the rachis [17] [19] [20] [23] [27]. Therefore, the proposal that
the revised specimens correspond to a new species is based on their unique cha-

racteristics for the geographic region and stratigraphic range.
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4.2. Comments on the Phytogeographic Distribution of
Anomozamites (Leaf) and Its Relationship with Wielandiella
(“Flower”) (Bennettitales: Williamsoniaceae)

Anomozamites is a foliar fossil-genus included in the order of the Bennettitales
which has a stratigraphic range from the Upper Triassic to the Lower Cretaceous
and distributed mainly in the Kingdom of Laurasia and in the Euro-American
region. The greatest diversity recorded has been in the Greenland and Sweden,
with some reports from the Jurassic of the United Kingdom [2] [17] [19]. How-
ever, there are recent findings in the regions of Asia, mainly from the Middle
Jurassic in China [20] [22] [23] [26] [27]. Other reports come from North Ameri-
ca (E.U.A) and South America (Colombia) (Figure 4); however, in the first case
only the presence of the fossil-genus is reported in the Morrison Formation
(Upper Jurassic) and in the second case, the description is remarkably shallow
and we even consider that the specimens correspond to the fossil-species A. sp.1
reported in this study [21] [34].

Within the Mixteco Terrane (southern Mexico) the first reports were made in
reference [13], here mentions that only collected a hand specimen of the Middle
Jurassic and assigned it to A. cf. Zindleyanus, subsequently this issue is reviewed
in [12] and when adding a sample, they consider keeping specimens only at ge-
nus level, mainly because they are few and small fragments; later in reference [6]
was agrees with this determination. The last reports of Anomozamites in the
Mixteco Terrane correspond to A. triangularis, A. cf. angustifolium, A. cf. in-

termedium and A. sp., from the Middle Jurassic of the Tlaxiaco region, Oaxaca

Jurassic paleomap (173 Ma)

Phytogeographical distribution of
® Bennettitales
® 4nomozamites

Wiellandiella

Figure 4. Map of the Jurassic (173 Ma) showing the phytogeographical distribution of the
Bennettitales order (blue dots), Anomozamites (red dots) and Wielandiella (yellow dots).
Mx: Mexico, Cm: Colombia, Cl: Chile, EU: United States, SL: Sri Lanka, Gl: Greenland,
Eu: Europe (Sweden and the United Kingdom), EuO: Eastern Europe (Romania and
Georgia), In: India, Om: Middle East (Kazakstan, Tajikistan and Uzbekistan), Ru: Russia
(Siberia), Ch: China, and Jp: Japan. Map obtained from Paleobiology Database
(https://paleobiodb.org/navigator/).
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[9]. We consider A. cf. angustifolium would also correspond to A. sp.1 (see above)
based on clear morphological details. We agree with the proposal in [9] regard-
ing its report of A. sp., as compatible with the copy described in [6], that is, both
correspond to the same fossil-species. However, a systematic review of the spe-
cimens is necessary for the establishment of a new fossil-species.

Within the Mixteco Terrane (southern Mexico) the first reports were made in
reference [13], here mentions that only collected a hand specimen of the Middle
Jurassic and assigned it to A. cf. Zindleyanus, subsequently this issue is reviewed
in [12] and when adding a sample, they consider keeping specimens only at ge-
nus level, mainly because they are few and small fragments; later in reference [6]
was agrees with this determination. The last reports of Anomozamites in the
Mixteco Terrane correspond to A. triangularis, A. cf. angustifolium, A. cf. in-
termedium and A. sp., from the Middle Jurassic of the Tlaxiaco region, Oaxaca
[9]. We consider A. cf. angustifolium would also correspond to A. sp.l (see
above) based on clear morphological details. We agree with the proposal in [9]
regarding its report of A. sp., as compatible with the copy described in [6], that
is, both correspond to the same fossil-species. However, a systematic review of
the specimens is necessary for the establishment of a new fossil-species.

The records obtained from the website Fossilworks.org and Paleobiology Da-
tabase indicates that there is a distribution of Anomozamites during the Jurassic
which includes, in addition to the areas already mentioned, Chile, Georgia, In-
dia, Japan, Kazakhstan, Romania, Russian Federation, Sri Lanka, Tajikistan and
Uzbekistan (Figure 4). Then, with the corroborated records we can observe a
dominant Laurasia distribution of Anomozamites and the outcroppings of the
Middle Jurassic of the Mixteco Terrane conserve a diversity composed possibili-
ty of up to five fossil-species. Comparing with the five registries of the Rhae-
tian/Bajocian of Europe, the Mixteco Terrane would be at the same level of di-
versity, sharing with certainty two fossil species: A. angustifolium and A. trian-
gularis, and possibly A. intermedjum Antevs.

The stratigraphic range of the Anomozamites angustifolium is from the Rhae-
tian to Bajocian [19], therefore, the distribution to the Bajocian in the Mixteco
Terrane is considerable. In the case of A. triangularis it would correspond to an
extension of the geographical and stratigraphic distribution, because this fos-
sil-species have only been registered in the Rhaetian of Scania, Sweden. Finally,
the probable identification of A. cf. intermedium in the Middle Jurassic of Mex-
ico would also broaden the geographic and stratigraphic distribution, however,
since it is not completely safe to identify such speculation, it would be overesti-
mating both distributions.

On the other hand, the recent revision, finding and description of the organic
connection between leaves, stems, and cones of the Williamsoniaceae family ex-
tends the understanding of the relationship of the Anomozamites-type leaves
and the Wielandiella flower-type reproductive structures. It also represents the
confirmation of a bifurcated growth in the habit of this family of Bennettitales.
These findings have allowed us to propose two species within the Wielandiella fos-
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sil-taxon: W. Angustifolia (Nathorst) emend. Pott and W. villosa Pott, McLough-
lin, Wu et Friss, with a stratigraphic and geographical range from the Rhaetian
of Europe to the Middle Jurassic of China [24] [25] [26].

In the first case, the revision of specimens of the Rhaetian/Hettangian from
Sweden and Greenland allowed understanding the relationship between the fo-
liar organs of Anomozamites angustifolius Pott et McLoughlin and the cones
(“flowers”) of Wielandiella angustifolia (Nathorst) Nathorst emend. Pott. In ad-
dition, it clarifies the unisexual nature of Wielandiella and constitutes a fos-
sil-genus distinct from Williamsoniella Thomas and Williamsonia (Carruthers)
Harris [24]. The second case corresponds to the first finding of isolated Anomo-
zamites-type leaves with the distinctive feature of presenting hairs (trichomes)
along the rachis and at the base of the leaflets. This characteristic is mainly the
one that distinguishes fossil-species A. villosus from others [20]. Later, when
discovering leaves linked to bifurcated stems and with the presence of possible
“flowers” (type Wielandiella) at the base of these bifurcations, A. villosus is reas-
signed and amended to W. villosa (Pott, McLoughlin, Wu et Friis) Pott. In addi-
tion, this second taxonomic assignment to Wielandiellabroadens the knowledge
of leaf architecture, habit and the various ecological strategies of the Williamso-
niaceae family [25] [26]. Therefore, since the correlation between the Anomo-
zamites-type leaves and the unisexual flower-type reproductive organs of Wie-
landiella has been verified by organic connection in the two cases mentioned, it
is highly possible that the presence of up to five species of Anomozamites in the
Mixteco Terrane are linked to the existence of some fossil-species of Wielandiel-
lain the region. In this way the diversity of reproductive organs of the Bennetti-
tales and specifically of the Williamsoniaceae family would be represented by the
fossil-genera confirmed Williamsonia, Weltrichia Braun emend. Harris and Wil-
liamsoniella [15] [35] [36] [37], while, the possible existence of Wielandiella, in
light of the discovery of their fossils in the outcrops of the Mixteco Terrane, it

would be verified.

5. Conclusions

The identification of three fossil-species of Anomozamites extends the richness
of the Williamsoniaceae family in the Mixteco Terrane, confirms the distribu-
tion of Anomozamites in this region within the kingdom of Laurasia and allows
estimating the possible existence of fossil-genus Wielandiella in the same area
during the Middle Jurassic.

We consider, according to the analysis of our results, that a systematic review
of the specimens attributes to Anomozamites cf. lindleyanus in Reference [13]
and A. sp. [6] [9] [12] to clarify their taxonomic identification and complement
the systematic knowledge of the Bennettitales of the Mixteco Terrane. In addi-
tion, these findings may be incorporated in future paleobotanical analyzes that
incorporate the study area. This will provide knowledge that may support pa-
leoecological, phytogeographic and evolutionary studies of palacobiodiversity in

the Middle Jurassic, in both North America and Laurasia.
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