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Abstract

The Paleozoic flora of the state of Puebla is characterized by the presence of ancient and conserv-
ative lineages; we focus this study on the taxonomical Annularia, Bjuvia and the new morphotype.
These groups are found in carbonaceous lutite, where paleosoils, small roots and trunks in situ are
abundant, and have been associated with swampy environments. In this paper, we discuss the
presence of a new architectural form of megaphyll size that has not been registered in other Per-
mian locations. These lutite imprints are the second most abundant in this location and their de-
gree of preservation supports their autochthonous nature. The large size of its funnel-shaped
blade and its extremely long petiole support the idea that its size was a response to a competition
for biotic resources and to the hydric stress to which communities of this region were exposed, as
consequence of the environmental conditions prevailing at the end of the Paleozoic era. It is pro-
posed that they lived in environments with seasonal humidity and this hypothesis is supported by
both the abundance of fossil groups and lithology.
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1. Introduction

During the Permian period, with the complete formation of Pangaea, strong reductions in humidity occurred and
there was a tendency towards warming and aridity [1] [2]. In these conditions, the vegetation exhibited a pro-
gressive confinement to specific provinces, giving rise to four different kingdoms: Angara, Cathaysia, Euroame-
rica and Gondwana. In tropical zones, the members of the Lycopsida class were more abundant in humid habi-
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tats. Filicales are opportunists and were dominant in humid lands. On the other hand, Sphenopsida were more
common in stream deposits and on lake shores. DiMichele et al. (2005) [3] considered that these taxa belong to
a flora of ancient and conservative lineage. At the same time, in the tropics plants emerged as evolutionary no-
velties, adapted to seasonal droughts [4]. An example of these rare mixed taxa is the proposed complex Lesleya
Ostracod-Megalopteris Schenk-Glossopteris Brongniart, which represented different radiations [5]. It has been
attempted to explain the conditions under which these novel plant groups emerged. For the Paleozoic era, Di-
Michele et al. (2008) [6] suggested that changes occurring at the end of this era had an impact on the existing
flora in the Inferior Permian, and that some lineages adapted themselves by changing their architectonic type,
giving rise to different functional groups called ecomorphs [7], which are rare. The latter could be a conse-
quence of a taphonomic process, due to higher and dry zones generally remaining strongly biased in the register
of plants that lived in such environments. These fossils appear isolated and are seen as anomalous occurrences
[8]. The detailed study of these evolutionary innovations might have significant implications regarding climate
and habitat. Dicroidium Gothan, Voltziales and Germaropteris Germar in Kurtze [8] are known cases for the
Permian period.

In order to explain the rise of these ecomorph groups, the size, shape, organization and internal anatomy of
different plant parts have been employed, which contribute to functional and ecological interpretations. For in-
stance, the size of the leaf and marginal sinus are factors controlling the temperature of the blade surface, which
influence the evapotranspiration [9]. Large and thin leaves are generally found on trees or bushes fully exposed
to the sun [10]. Lithological studies complement the information about the prevailing environmental conditions
when these communities lived.

During the Permian period, the leaf size of the seed plants was not very large in general. In the Matzitzi For-
mation flora, for example, bigger blades correspond to the Annularia Sternberg, Lonesomia Weber and Tae-
niopteris Brongniart genera [11]. Regarding the Guacamaya Formation [12], it is mentioned that flora is scarce
and poorly preserved, and the size of their leaf is small. Filicales, Calamitales and Conifers have been recorded,
such as Walchia Sternberg and Cordaites Unger. Lastly, in the Tuzancoa Formation, the presence of Calnalia
hidalguensis with microphyll leaves has been described [13]. By means of the analysis of flora and lithology of
the locality, we are going to know the causes of growth to the new morphotype in the early Perm period.

2. Geological Setting

The fossils studied are impressions of leaves in brown-reddish limolite and fine-grain sandstone that appear in
the Coatepec town. They belong to the Matzitzi Formation in the state of Puebla in Mexico (Figure 1). At the
study location, this stratigraphic unit consists of strata with progressing sizes, limolite with low organic matter in
strata of approximately 35 cm thickness, lutite laminations in which leaf imprints are located, and fine sandstone
of reddish colour in 5 - 10 cm strata, with the presence of a flaser-type structure. This formation has been as-
signed to the Permian period based on Magallon-Puebla (1991) [14], which registers Fascipteris Gu et Zhi, the
presence of the genera Lonesomia, Holcospermum Nathorst and the probable presence of Baiera Braun leaves or
Rhipidopsis Schmahaunsenl [9] refine this age to the Early Permian period (Leonardian 280 - 270.6 Ma). Dif-
ferent thicknesses have been proposed for the Formation; Calderdn-Garcia (1956) [15] estimated a 600 m thick-
ness. Moran-Zenteno (1993) [16] measured a 510 m thickness and Hernandez-Lascares (2000) [17] calculates it
as 1700 m. The latest study on the region proposes the presence of six facies with a sedimentology ranging from
conglomerates to fine clay sediments and swamps that produced coal. A system consisting of fluvial facie with
anastomosis is proposed for the Matzitzi Formation as well as a contemporary magmatism [18].

3. Methods

Forty leafs and stalk impressions of the morphotype were worked with the cellulosa acetate technique for the
observation of anatomical structures. Some of the samples were stained with a safranine solution in alcohol.
Fixed preparations and fossils are sheltered in the paleontology collection at FES Zaragoza with the numbers
(Mtz-510 L 1, Mtz-543 L 1, L 2, L 3 Mtz-530-543). Cuticles were photographed with an Olympus E-620 cam-
era and observed with an Olympus bx41 microscope. Digital micropictures were taken with a Sony Ciber-Shot
DSC-H10 camera. Adobe Photoshop CS5 software was employed for final adjustments and Image-J software to
obtain millimetric measurements. The terminology used for the description of the foliar blade is based on refer-

ences [19] [20].
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Figure 1. Location of the studio. (1) Regional map, grey square in the south of Puebla shows the location of
the outcrop of the Matzitzi Formation (Mtz); (2) Geological map, from the square Coatepec-San Luis
Atolotitlan, modified by Centeno et al., 1993; (3) Section from the stratigraphic column corresponding to the
facies 3a where there are two zones of the collection characterized by associations of flora, modified by
Centeno et al., 1993; (4) A photo of the outcrop where the fossil material was extracted.

Finally, hand specimens were collected for thin film analysis in order to identify the facies proposed by Cen-
teno et al. (2009) [18] and also to infer the sedimentary environment at local level.

4. Results

A total number of 129 fossils were studied, belonging to Filicales, Calamitales, Cycadales, Caytoniales, Lyco-
podiales, and fossils with a 32.55% similarity to Ginkgoales Engler, the second most abundant group within the
collection zone after Filicales. The studied morphotype similar to Ginkgoales correspond to segmented,
fan-shaped leaves of 36.8 cm, the longest, with a basal angle of 235° (Figure 2). The first division is deep,
creating three segments, each one of which can be divided up to three more times at different heights of the la-
mina. Dichotomies are observed in the veins along the divisions, corresponding to the origin of the thinner vein:
those at the medial part with a 0.3 mm width and those at the apical zone a 0.2 mm width (Figure 3). Through-
out its route the vein reaches a uniform width compared to the adjacent veins. An increased venation density is
observed along the lamina: at the basal section it exhibits five veins per cm, 12 at the medial part, and 21 veins
per cm in the last segments (Figure 3). The petiole length stands out as observed in the specimens (Mtz-542 and
Mtz-543): the longest is 44.1 cm long and 2.2 cm wide, consistently; possessing a total number of eight veins
with abundant fine grooves (Table 1).

On the other hand, 40 samples were examined from cellulose acetate peels of leaves and petiole. However,
anatomical features were distinguished in only four samples. The veins at the medial part of the leaves are 0.75
mm wide having 0.39 mm interspacing without reticulation (Figure 4). Epidermic cells exhibit a transverse ar-
ray regarding veins: they are irregularly-shaped, four-sided, rectangular and pentagonal with variable sizes, the
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Figure 2. Specimen Mtz 542, the black arrows indicate where
the opening of the sheet and the length of the petioles start, on
the left there is a partial reconstruction of the dimensions of the
same object (5 cm bar).
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Figure 3. Venation detail of the morphotype. (1) Terminal
segment of the sheet, where the white arrows indicate the vein
dichotomy which can be observed closer in (2), indicated by
black arrows; (3) Veins in the middle part of the sheet, where
the arrows indicate the dichotomy of one vein; (4) Partial
reconstruction of (3), showing the vein which is dichotomized
(1 cm bar in all images).
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Table 1. Measures of the specimen Mtz 542 of the morphotype.

Mtz-542
Length leaf 36.8cm
Basal angle 235°

Number of divisions by segment 2-3
Dichotomies in veins Presents

Number of veins in the basal part of the leaf 5cm
Number of veins in the middle part 12cm
Number of veins in the terminal part 21cm
Length of petiole 44.1 cm

Width of petiole 2.2cm

Number of veins in the petiole 8

4

Figure 4. Cuticles preparations. (1) Image of the veins indicated
by white arrows, and the transverse arrangement of the
epidermal cells on a vein indicated by black arrows; (2) Detail
of the epidermal cell wall; (3) Detail of the epidermal cell wall
thicknesses, indicated by the white arrows; (4) Epidermal cells,
the white arrows indicate the presence of holes that can
correspond to the stomatal apparatus. (2) 72.5 um, and (3) 12
um bar.

largest being 122.5 um long, 25 um wide and the shortest being 60 um long, 30 um wide. All of them possess
smooth walls with a thickness ranging between 0.75 to 2.5 um (Figure 4). 19.8 um holes were observed in some
of the samples, possibly corresponding to the stomatal complex. Regarding the petiole, in one preparation a
171.27 um long and 37.62 um wide structure was observe, crossed from side to side by the xylem tracheids with
a 5 um width and curved edges. Possible punctuations were observed in some (Figure 5).

The rest of the fossils correspond to microphyll leaves. Only the Bjuvia Florin genus exhibits two large leaves,
15 cm long and 18.55 cm wide. The main vein is 0.5 - 7 cm long and secondary veins sprout perpendicularly
from the main nerve; they are thin and have a density ranging between 33 and 40 veins per cm, all of them
without dichotomies. Epidermic cells with straight walls are observed in one cuticle peelings. Their shape is
square to rectangular measuring 50 um and 100 pum, respectively. Stomates are randomly distributed: stomatal
apparatus is 10 um wide with four papillae around the stoma (Figure 6).
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Figure 5. Tissue from the petiole shows the fibers which probably belonged
to semi-woody primary xylem, note the possible tracheids which end in
curved contours.

Figure 6. The flora accompanying the morphotype in the stratum collection.
(1) Bjuvia sp., the black arrows indicate the median vein and the edge of the
leaf; (2) Cuticle preparation where the Bjuvia sp., stomatal apparatus is
indicated; (3) Preparation which shows the epidermal cell walls; (4) Specimen
of Annularia, note the degree of oxidation in the fossil. 1 cm bar in (1) and (4),
10 pm bar in (2) and (3).

5. Discussion

The size of the studied morphotype is rare for the location’s age. Its foliar area (538.56 mm) could only be
compared to the Gigantopterids, which are grouped by their reticular venation pattern and megaphyll leaves [21]
[22], displaying a foliar area of up to 300 cm?® [23]. Nowadays, megaphyll leaves exhibit one or several main
veins acting as support for the blade extensions. The fossils from Puebla lack a primary vein and display a pa-
rallel venation with a decreased width tendency towards the end of the leaf. This suggests two strategies for la-
mina support and the transport of both nutrients and water, whereas a thicker venation was found at the basal
and medial parts of the leaf (this paper). The latter allows its extension in order to absorb solar radiation [24]
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[25]. At distal parts venation becomes thinner and increases in density in order to compensate for the transport
capacity and reduce the energy cost of having thicker veins [24].

This tendency of lamina growth is also observed in the Bjuvia genus (Europe Permian-Triassic period [26]).
These adaptations can be responses to environmental conditions and/or competition for resources, biotic interac-
tions were established with arboreal elements such as Cycadales, Lycopodiales and Marattiales, which restricted
the solar exposure of bush and herbaceous elements. Probably as a response to this condition, the morphotype
developed larger petioles and foliar areas in order to obtain an advantage over Filicales, which display a rapid
growth and a large number of individuals.

The petiole sample is comprised of fibers that belonged to the primary xylem of a woody petiole that served
as support to a large leaf (Figure 5). The most abundant element of the flora are the Filicales, which have been
associated with humid environments (may have been seasonal) [27], similarly to the Annularia genus and is an
important component at this location. The presence of Calamites would indicate that this humidity was present
for an extended period of time. However, its low abundance percentage allows it to be considered as an alloch-
thonous element (2.32%). Regarding lithology, by exhibiting a multi-stage stratification it can be interpreted that
there was an alternation between low to medial energy. Limolite exhibits the highest thickness ranging from 2 -
20 cm and interspersed with lutite (3 mm average width). Fine-grain sandstone strata at this location exhibita 2 -
3 cm width with oxidations. Flaser-type strata are also present. These lithological features correspond to some of
the strata of the 3a facies [18] (Figure 1), as there is no presence of small roots or thick trunks in situ at the lo-
cation, as previously pointed out by these authors. The absence of coal is also noteworthy. Following the classi-
fication by Miall (1996) [28], the F1 and S1 facies are related to inundation plains developed in fluvial environ-
ments.

6. Conclusion

Based on the information presented in this report, it is concluded that the morphology of the morphotype was a
response to the competition with the bush stratum (Filicales) for a higher uptake of solar radiation and that it
took place in a humid seasonal environment. This morphotype is evidence of the ecological interactions that oc-
curred during the deposit of this formation, which produced shapes and sizes previously unseen at these lati-
tudes.
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