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Abstract: The Araripe Basin in northeastern Brazil is a key site for Cretaceous pterosaur
fossils from Gondwanan deposits. Most discoveries are concentrated in its northern
portion, particularly in Ceara state, within the Crato and Romualdo formations. In contrast,
records from the southern part of the basin, especially in Piaui and Pernambuco, remain
scarce. This study reports the first pterosaur fossils from the Romualdo Formation in Piaui,
represented by two three-dimensionally preserved, incomplete wing phalanges: LPP Pt-
002 and LPP Pt-005. Osteohistological analysis of LPP Pt-002 reveals a cortex composed
of parallel-fibered bone, with endosteal lamellae and an external fundamental system
(EFS), indicating skeletal maturity. In contrast, LPP Pt-005 displays a cortex of woven
bone and circumferential lamellae, with a highly vascularized matrix and no evidence
of EFS or endosteal lamellae, suggesting a post-juvenile stage. These differences
indicate that the specimens represent distinct individuals. Although the reasons for
the lower abundance of pterosaur remains in the southern Araripe Basin are unclear,
these findings expand the known geographic range of Pterosauria within the basin and
underscore the importance of further paleontological exploration in underrepresented
regions to better understand pterosaur diversity and distribution during the Cretaceous.

Key words: Araripe Basin, Cretaceous, Piaui, Pterosauria, Romualdo Formation,
Osteohistology.

early Albian, is particularly distinguished for its
pterosaur fossils preserved in three dimensions

Among the pterosaur occurrences from
Gondwana, the majority are documented in
South America, particularly within Cretaceous
sedimentary rocks of the Araripe Basin in Brazil
(Campos & Kellner 1985, Kellner & Tomida 2000,
Vila Nova et al. 2011, Kellner et al. 2013, Bantim
et al. 2014, 2021a, b, Pentland & Poropat 2023).
These rocks encompass the Fossil Lagerstatten
of the Crato and Romualdo formations,
renowned for their exceptionally well-preserved
fossils (Kellner & Campos 2002). Notably, the
Romualdo Formation, dating to the late Aptian/

(e.g. Kellner 1989, Vila Nova et al. 2011, Kellner et
al. 2013).

The limestone concretions that encase
these fossils from the Romualdo Formation
provide exceptional preservation by minimizing
morphological distortion, in contrast to the
typically compressed fossils of the Crato
Formation (Cavalcanti & Viana 1990, Kellner &
Campos 2002). This remarkable preservation
including wings, skulls, vertebrae, and limbs,
with occasional soft tissue remains, facilitating
detailed investigations into pterosaur anatomy
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(e.g. Kellner & Tomida 2000), neuroanatomy
(Witmer et al. 2003), osteohistology (Sayao 2003,
Eleutério et al. 2015, Bantim et al. 2021a), dietary
habits (Kellner & Campos 2002, Veldmeijer et
al. 2012, Bestwick et al. 2018, Pégas et al. 2018)
and biomechanics (Wellnhofer 1988, Chatterjee
& Templin 2004, Costa et al. 20144, b). Although
the first descriptions of a pterosaur from this
deposit date back to the 1970s (Price 1971), the
discovery and publication of new species from
this unit have significantly accelerated since
the late 20" century (Kellner & Tomida 2000,
Fastnacht 2001, Veldmeijer 2003, Bantim et al.
2014, Pinheiro & Rodrigues 2017, Cerqueira et al.
2021).

Most of these discoveries, however, have
been concentrated in the northern part of the
basin, particularly in Ceara state. Conversely,
pterosaur occurrences in the southernmost
regions of the basin, specifically in Piaui and
Pernambuco states, are notably scarce (Martill
2008, Aureliano et al. 2014). The reasons for
this disparity remain unclear but may include
environmental variations during the Aptian/
Albian period, differences in taphonomic
processes — since the preservation quality
varies depending on the stratigraphic layers
and the specific locality— or sampling bias
favoring the more extensively studied areas of
Ceara. This geographic bias in fossil collection
limits our understanding of the true geographic
provenance of the pterosaur in the Araripe
Basin.

In this context, we report the first
occurrence of Pterosauria in the Romualdo
Formation in the Piaui portion of the Araripe
Basin, emphasizing the importance of continued
research in understudied regions of the basin.
Osteohistology has been widely used in studies
of pterosaurs from the Araripe Basin (Sayao
2003, Kellner et al. 2013, Aureliano et al. 2014,
Eleutério et al. 2015, Cheng et al. 2020, Bantim

FIRST PTEROSAUR RECORD FROM PIAUT STATE

et al. 2021a). In this study, we employed bone
histology to assess the ontogenetic stage of the
analyzed specimens. Additionally, the material
was tentatively assigned to Anhangueridae
based on estimated wingspan measurements.

Geological setting

The Araripe Basin is located in northeastern
Brazil, spanning the states of Ceara, Pernambuco,
and Piauil. The portion of the basin exposed
in Piaui is considerably smaller than those
in Ceara and Pernambuco (Brito Neves 1990).
The southeastern edge of the Araripe Plateau
in Piaui is marked by an extensive highland
area, with elevations ranging from 800 to 850
meters. This plateau is sharply bounded by
steep erosional escarpments, with elevation
drops exceeding 300 meters (Silva et al. 2023).
In this area, the Romualdo, Araripina, and Exu
formations are exposed, forming part of the
basin’s westernmost margin. The Romualdo
Formation, dated to the Aptian-Albian (Barreto
et al. 2022), consists of interbedded shales,
marls, and limestones, and is particularly well
known for its numerous calcareous concretions
that have yielded exceptionally well-preserved
fossils (Konservat-Lagerstdtten) (Maisey 1991,
Valenca et al. 2003).

In the municipality of Simoes, located 356
km from the capital Teresina, crops out the
upper Romualdo Formation are exposed at
the base of the plateau, where the landscape
is defined by steep, intensely weathered
escarpments. Additional exposures occur in
adjacent areas marked by pronounced slopes.
One notable site is Sitio Capim Grande (Fig. 1),
where numerous limestone concretions have
been recovered from the soil horizon. These
concretions yield a diverse fossil assemblage,
including microfossils, coprolites, plant remains
and, most notably, fish. To this assemblage, two
additional pterosaur specimens are now being
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Figure 1. Location map of the Araripe Basin. a) Overview of South America, with a marked area indicating the

northeastern region of Brazil shown in (b); b) enlarged view of northeastern Brazil, highlighting the geographic
position of the Araripe Basin, which is further detailed in (c); ¢) map of the Araripe Basin showing its extension
across the states and fossiliferous areas of Ceara (Araripe, Santana do Cariri, Crato and Missao Velha), Piaui
(Caldeirao Grande and Simdes), and Pernambuco (Araripina, Ipubi, Trindade and Exu). Red triangle refers to the

location of the site “Sitio Capim Grande”.

added. The concretions are scattered across
the surface without a discernible pattern of
orientation and display significant variation in
size and shape.

MATERIALS AND METHODS

The specimens described here were collected
by the LPP team (Laboratorio de Paleontologia
de Picos), Federal University of Piaui, during
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fieldwork at the Capim Grande site in Simoes
municipality, Piaui state, Brazil. Although they
were found closed, they were not articulated
and were approximately 10 meters apart. This
relatively flat area lies near the foothills of the
Araripe Plateau, where numerous Romualdo
Formation concretions are scattered amidst
vegetation and within private outcrop sites.
Such exposure is common in areas where
the Romualdo Formation is present, with
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concretions often visible on the soil surface due
to agricultural activities.

This collection was registered in the fossil
extraction control system of the Agéncia
Nacional de Mineracdo - ANM (Brazil's national
mining agency) for paleontological research
- Copal platform with number 047/2020. The
material is stored in the Scientific Collection of
the LPP, Piaui state (Brazil), with numbers LPP
Pt-002 and LPP Pt-005.

All mechanical preparation was completed
at the Paleontology Laboratory of Universidade
Regional do Cariri, Crato municipality Ceara,
Brazil. The specimens consist of two fragmented
limestone concretions: LPP Pt-002 and LPP Pt-
005. In the first phase of preparation, the aid of
a pneumatic pen model Paleo Tools ® ME - 9100
was required. After part of the bedrock had been
mechanically ground away (Leiggi & May 1994),
the bone structure was already prominent under
the sediment. At this point, it was necessary to
apply Paraloid® B-72/Acryloide B-72 at 3% and
then 10%, which offered an increase in the
control capacity of fossil preparation, since the
3% concentration can penetrate the bone micro-
openings, and the 10% concentration provides
surface protection of the material (Silva &
Kellner 2006). This procedure was repeated
throughout the preparation process until the
sediment was removed.

Wingspan estimation

The methodology proposed by Kellneretal.(2013)
was used to estimate wing element proportions
based on related specimens, including both the
maximum and normalized wingspan values.
The dataset and proportional ratios applied in
this study were derived from Aureliano et al.
(2014). Wingspan was calculated by summing
the estimated lengths of all forelimb elements
- scapula, humerus, ulna, carpals, metacarpal IV,

FIRST PTEROSAUR RECORD FROM PIAUT STATE

and the four wing phalanges - and multiplying
the total by two.

To estimate wingspan, we first reconstructed
the total length of the first wing phalanx (Ph1D4)
of specimen LPP-PT02 using the following
formula: proportion of the preserved length
relative to the total estimated length:

Proportion of the preserved length
total estimated length

Preserved proportion =

Oncethefulllength of Ph1D4was determined,
it served as a reference for estimating the
lengths of the remaining forelimb elements,
based on proportional relationships observed
in closely related taxa. These reconstructed
measurements were then used to calculate the
wingspan, assuming morphological similarity to
previously described pterosaurs.

Osteohistological Procedures

Osteohistological procedures followed the
protocol outlined by Lamm (2013). Sampling and
preparationwere conducted atthe Paleohistology
Laboratory, Department of Geology and
Paleontology, National Museum, Rio de Janeiro.
A small fragment from the diaphysis of each
specimen was extracted and embedded in clear
epoxy resin (Arazyn 25108 T-10, Redelease, Brazil)
catalyzed with Butanox M-50 (Redelease, Brazil).
The embedded samples were sectioned using a
Buehler Isomet precision saw with a diamond-
tipped circular blade. Wet grinding and polishing
were performed using an Arotec metallographic
polishing machine with progressively finer
abrasive papers. Prepared thin sections were
examined under a Zeiss optical microscope to
assess histological features.

RESULTS

Both specimens (LPP Pt-002 and LPP Pt-
005) consist of incompletely preserved wing
phalanges, exhibiting three-dimensional
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preservation (Fig. 2). LPP Pt-002 represents a
partial first right-wing phalanx, with a preserved
length of 24.5 cm. LPP Pt-005, found in two
separate fragments, corresponds to a second
wing phalanx. Only the diaphyseal portion is
preserved, limiting the potential for precise
anatomical identification. Both specimens were
recovered from the surface and display signs of
prolonged exposure, as evidenced by weathering
on the bone surfaces.

The estimation of the wingspan was
calculated using the average measurements of
Anhanguera piscator and Santanadactylus pricei
(Table I). The maximum wingspan was estimated
between 3.07 m and 312 m, while the normalized
wingspan, calculated as 95% of the maximum
wingspan, ranged between 3.04 m and 3.08 m.
These estimates assume that LPP Pt-002 shares

FIRST PTEROSAUR RECORD FROM PIAUI STATE

Figure 2. Incomplete pterosaur
wing phalanges from the Araripe
Basin. Both specimens are three-
dimensionally preserved. a) LPP
Pt-002, an incomplete first right-
wing phalanx, with a preserved
length of 24.5 cm; b) LPP Pt-005,
divided into two pieces and
representing a fragment of a
probable second-wing phalanx.
Only the diaphyseal portion

is preserved in this specimen,
hindering precise anatomical
identification. Both elements were
found on the surface and exhibit
signs of long-term weathering, as
evidenced by alterations in the
bone surfaces. Red lines represent
the sectioned areas.

similar forelimb proportions than Anhanguera
piscator and Santanadactylus pricei (Table I1).

Histological description

The specimens exhibit typical pterosaurian bone
tissue. The cortex of LPP Pt-002 is composed
of fast-growing woven bone (Fig. 3a), with
circumferential lamellae (CL) throughout the
entire cortex, which are visible under polarized
light (Fig. 3b, ¢). The vascular network is abundant
and consists of anastomosed canals, with some
primary osteons. Vascular canals are opening
at the periosteal surface. Osteocyte lacunae are
abundant, randomly distributed, and rounded
in shape, and in the CL they appear shipled,
characterizing a parallel-fibered bone zone
(Fig. 3d). No Lines of Arrested Growth (LAGS),
secondary osteons, even External Fundamental
System (EFS) and Endosteal Lamellae (EL) have
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Table I. Wingspan Estimate for LPP Pt-002. Values based on Anhanguera piscator (Kellner et al. 2013) and
Santanadactylus pricei (Wellnhofer 1991).

Metric Anhanguera piscator AMNH 22552 Range
Maximum wingspan (m) 3.23 3.28 3.23-3.28
Normalized wingspan (m) 3.04 (95% of 3.07) 3.08 (95% of 312) 3.04-3.08

Table Il. Measurements of the first wing phalanx (Ph1D4) of LPP Pt-002 and compared specimens.

FIRST PTEROSAUR RECORD FROM PIAUT STATE

Specimen Length (mm) Source
Anhanguera piscator (holotype) 4059 Kellner et al. 2013
AMNH 22552 4059 Kellner et al. 2013
MN 9564-V 405.9 Silva et al. 2024
DGEO-CTG-UFPE 7516 162 Aureliano et al. 2014
LPP Pt-002 3387 This study

been seen; all these features are indicative that
this specimen is a late juvenile.

LPP Pt-005 displays a periosteal cortex
composed of parallel-fibered bone (Fig. 4a,
b). There is a well-developed EL composed of
lamellar bone and CL; under polarized light,
the differential collagen fibers arrangement
is highlighted (Fig. 4c, d). The cortical bone is
densely vascularized with longitudinal canals
and primary osteons, with some anastomoses
evident. The osteocyte lacunae are abundant,
randomly distributed, and have rounded
and flattened shape; those within the CL are
shipped. No LAG or secondary osteons have
been observed. The presence of EFS, as well as
all histological observations, indicates that LPP
Pt-005 is probably an adult that achieves its
asymptotic growth, determining its body size.

DISCUSSION

Pterosaur records from the Araripe Basin
have been documented since the early 1970s,
beginning with the description of the species
initially named Araripesaurus castilhoi

Price 1971. In the following decade, several
studies reported exceptionally well-preserved
specimens from these deposits (Kellner 1984,
1989, Campos & Kellner 1985, 1997, Leonardi
& Borgomanero 1985, Wellnhofer 1985, 1987,
1988, Maisey 1991, Frey & Martill 1994), a trend
that continues to the present day (Kellner et
al. 2013, Bantim et al. 2014, 2021a, Pégas et al.
2016, Pinheiro & Rodrigues 2017, Cerqueira et al.
2021, Duque et al. 2022, 2023, Silva et al. 2024).
Traditionally, most specimens have come from
Ceara, collected over decades by local workers
and deposited in museums worldwide, mainly in
Europe (e.g., Wellnhofer 1987, 1991, Frey & Martill
1994, Fastnacht 2001, Veldmeijer 2003, 2012, Elgin
& Frey 2011), United States of America (Maisey
1991, Wellnhofer 1991, Pinheiro & Rodrigues
2017), and even Japan (Kellner & Tomida 2000).
Despite this promising scenario, only a few of
these specimens have stratigraphic accuracy
(Vila Nova et al. 2011, Bantim et al. 2014, Kellner
et al. 2013, Aureliano et al. 2014, Duque &
Barreto 20183, b, Bantim et al. 20213, Duque et
al. 2022, 2023). This situation began to change
with the intensification of collections made
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Figure 3. a) Cross-section of LPP Pt-002 under normal light; b) Highlight of the PFB zones into the woven bone
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200um
——

matrix; c) Cross-section of LPP Pt-002 under polarized light with lambda filter, showing woven bone with
circumferential lamellae throughout the entire cortex; d) Highlight of the PFB zones into the woven bone matrix
under polarized light. Abbreviations: WB: Woven Bone; PFB: Paralell-Fibered Bone; VC: Vascular Canals; PO: Primary

Osteon; OL: Osteocyte Lacunae.

with stratigraphic rigor by research groups that
settled in the region for further study (Fara et
al. 2005, Saraiva et al. 2007, Vila Nova et al. 2011,
Bantim et al. 2015, Saraiva et al. 2016, Lima et al.
2019, 2020, Storari et al. 2021).

Recently, pterosaur records from the
Romualdo Formation outside Ceara include
some isolated specimens from the southeastern
part of the Araripe Basin in Pernambuco state
(Kellner et al. 2013, Aureliano et al. 2014, Duque
& Barreto 2018a, b, Duque et al. 2022, 2023). While
most of the specimens referenced in studies
from this region are associated with gypsum
quarries, such as the Zé Gomes and Cedro Sites

in Exu municipality (Aureliano et al. 2014, Duque
& Barreto 2018a, b, Duque et al. 2022), Lagoa
de Dentro Site in Araripina (Duque & Barreto
2018a, b) and Escorrego Site in Ipubi (Duque &
Barreto 2023) their stratigraphic context remains
unverified. In addition, the record of specimen
MCT 1838-R described by Kellner et al. (2013)
has an undefined collection site, with only
provenance information indicating an outcrop
in the state of Pernambuco.

Fossil occurrences from the Romualdo
Formation in the state of Piaui, however, are
much rarer, even when considering all vertebrate
records. The two most recognized localities are
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Figure 4. Histological section of Wing Phalanx LPP Pt-005. (a) Cross section under normal light. (b) Cross section
under polarized light. (c) Highlight Parallel fibered bone and vascular canals, note the endosteal lamellae and
External Fundamental System in evidence under polarized light. (d) Region with well organized PFB and presence
of the CL composed by lamelar bone. Abbreviations: PFB: Parallel-Fibered bone; LB: Lamellar Bone; VC: Vascular
canal; PO: Primary osteon; CL: Circumferential lamellae; EL: Endosteal lamellae; EFS: External Fundamental System.

OL: Osteocyte lacunae.

Pau dos Ferros in Fronteira municipality, mainly
with invertebrate occurrences (Pereira etal. 2017),
and Ladeira do Berlenga at Simoes municipality,
with records of fish and crocodyliforms (Price
1959, Santos 1971, Maisey 1993, Kellner et al.
2002). In 1946, an expedition organized by the
Conselho Nacional do Petroleo (CNP) and led
by Frederick B. Plummer went to this region and
collected several fossils (Conselho Nacional do
Petroleo 1948). Among them is the crocodyliform
Araripesuchus gomesii described by Price

(1959), the first tetrapod from the Romualdo
Formation and the paratype of the albuloid fish
Paraelops cearensis described by Santos (1971).
Maisey (1993) named the first clupeomorph
from the Romualdo Formation Santanaclupea
silvasantosi. Kellner et al. (2002) reported
the occurrence of the fish species Rhacolepis
buccalis, Calamopleurus cylindricus, Vinctifer
comptoni, and Tharrhias araripis, all found at
Ladeira do Berlenga.
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Considering pterosaurs there is a dubious
occurrence of a pterosaur humerus found on the
road between Marcolandia in Pernambuco and
Simoes in Piaui, associated with the sandstones
of the Exu Formation (Martill 2008). However,
the author mentions that the humerus fragment
may be associated with a concretion, which is
not reported for the Exu Formation. Therefore, its
occurrence might not be from the Exu Formation.
The map indicates that the findings were located
on the boundary between the states, but still
within the domain of Pernambuco (see Martill
2008, Figure 1). Consequently, no records have
been confirmed for the state of Piaui so far. In
this context, the occurrence described here in
the municipality of Simoes (Site Capim Grande)
represents the first confirmed occurrence of
pterosaurs in the state of Piaui. Furthermore,
it adds to the list of specimens with precise
provenance, contributing to the geographic
distribution ofthe group acrossthe Araripe Basin.
Identifying the Simoes region as one of the main
fossiliferous areas of the Romualdo Formation
in Piaui, when considering all the vertebrate
occurrences recorded at different sites in this
locality. Despite nearly two centuries of history
and research, this basin continues to yield
new fossil discoveries, as pointed out twenty
years ago by Carvalho & Santos (2005). Since
Pterosaurs represent the most diverse clade of
tetrapods preserved in the Romualdo Formation
(e.g. Vila Nova et al. 2011, Bantim et al. 2021a),
the proper identification of the fossil occurrence
areas, along with their stratigraphic accuracy,
will increasingly refine studies on interactions
between groups and faunal successions.

The methodology used to estimate wingspan
was first proposed by Bennet et al. (2001)
and later refined by Kellner et al. (2013), with
subsequent studies reinforcing the robustness
of this proposal (Aureliano et al. 2014, Duque
& Barreto 2018b, Bellardini & Codornit 2019,

FIRST PTEROSAUR RECORD FROM PIAUT STATE

Bantim et al. 20213, Silva et al. 2024). This type of
analysisaids in understanding the dimensions of
pterosaurs, even when dealing with fragmented
records or isolated bones. Although numerous
pterodactyloid pterosaur fossils are well-
preserved, including a substantial portion of
their components, especially those coming from
bonebeds (e.g., Pterodaustro guifizui, Hamipterus
tianshanensis and Caiuajara dobrouski), many
occurrences remain fragmented and incomplete
(e.g. Barrett et al. 2008, Bantim et al. 20214, b,
Martill & Smith 2025). Although there are records
from the Romualdo Formation of complete or
nearly complete skulls, as well as some partial
post-cranial skeletons (Elgin & Frey 2011,
Pinheiro & Rodrigues 2017, Cerqueira et al. 2021),
this is not the case for most of the records from
this formation. In general, the specimens are
isolated or incomplete but well-preserved (e.g.
Dalla Vecchia & Ligabue 1993, Vila Nova et al.
2011), with the exception of Anhanguera piscator
(Kellner & Tomida 2000), which has a skull
associated with an almost complete skeleton
and Anhanguera spielbergi (according to Kellner
2006, Rodrigues & Kellner 2008) with 60% of the
skeleton preserved (Veldmeijer 2003).
Inadditionto providinginsightsintothe body
dimensions of the specimens, this methodology
can aid in the identification of isolated bones.
This is particularly relevant since the pterosaurs
from the Romualdo Formation are exclusively
members of either the Anhangueridae or
Azhdarchoidea, which are characterized by
distinct wing proportions (Kellner 2003, Vila Nova
& Sayao 2012, Araljo et al. 2023). According to
Kellner etal.(2013) while pteranodontoids (which
includes anhanguerids) have comparatively
large wings compared to body size, the reverse
is true for azhdarchoids that have shorter wings
and, therefore, comparatively smaller wingspans
(Kellner 2003). The estimated wingspan ranged
between 3.04 and 3.08 meters, consistent with
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the proportions observed in small to medium-
sized Anhangueridae. These proportions are
similar to those found by Silva et al. (2024),
ranging between 3.7 and 3.9 meters. As noted by
those authors, these values are close to those
observed in Anhanguera piscator. Other studies
have reported slightly larger proportions, such
as the 4.37 to 4.6 meters estimated by Aureliano
et al. (2014) and the 5.47 to 5.54 meters reported
by Bantim et al. (2021a), both considered
Anhangueridae indet. Therefore, the specimen
is also smaller than those classified as giant,
such as Tropeognathus, which has an estimated
wingspan of 8 meters (Kellner et al. 2013). The
Anhangueridae (Campos & Kellner 1985) is
the most well represented pterosaur clade in
the Romualdo Formation, which leads us to
tentatively identify the specimens described
here as belonging to this group.

Histological studies of pterosaurs from
the Araripe Basin, particularly those from the
Romualdo and Crato formations, have provided
key insights into the growth, ontogeny, and
biomechanical adaptations of these flying
reptiles. Early work, such as that by Sayao (2003),
identified histovariability and allometric growth,
observingvarying growth ratesinthe bones ofthe
same individual, highlighting the complexity of
pterosaur development. Kellner et al. (2013), who
analyzed T. mesembrinus, noted the presence of
an External Fundamental System (EFS) and lines
of arrested growth (LAGs), suggesting that this
specimen had reached asymptotic growth and
was adult. Subsequent works, such as those by
Aureliano et al. (2014) and Eleutério et al. (2015),
also revealed the presence of EFS and LAGs in
pterosaurs at different ontogenetic stages, with
the analysis of bone tissues such as “plywood”
suggesting biomechanical influences on bone
development (Eleutério et al. 2015). More recent
studies by Cheng et al. (2020) and Bantim et al.
(2021a) indicated that, although some pterosaurs

FIRST PTEROSAUR RECORD FROM PIAUT STATE

reached giant sizes, such as the Anhangueridae
from the Crato Formation, many remained in
subadult stages, emphasizing the distinction
between gigantism and bone maturation.

Despite the fibro-lamellar complex
being the most common tissue described in
pterosaurs, any of our specimens exhibited it,
presenting both parallel-fibred matrices. The
parallel fibered bone was reported in pterosaurs
like Rhamphorynchys and other specimens of
Pterodactyloidea (Prondvai et al. 2012, LU et al.
2016, Fernandes et al. 2022, Araljo et al. 2023).

The histological differences between LPP Pt-
002 and LPP Pt-005 provide new insights into the
ontogenetic stages. LPP Pt-002, with its woven
bone and absence of EFS, LAGs, and secondary
osteons, aligns with the characteristics of late
juvenile or post-juvenile pterosaurs, similar to
the findings of Sayao (2003) and Eleutério et al.
(2015) for juvenile specimens. The presence of
primary osteons and abundant vascular canals
suggests that LPP Pt-002 was still in an active
growth phase, although it had likely reached a
size where further growth would be less rapid.

In contrast, LPP Pt-005 exhibits advanced
histological features, including the presence of
EFS and the absence of LAGs in the parallel-
fibered matrix, marking it as an adult. This is
consistent with the findings of Kellner et al.
(2013) and Aureliano et al. (2014), who observed
similar characteristics in adult specimens,
indicating that LPP Pt-005 had achieved its
asymptotic growth. The presence of EFS and
well-vascularized bone tissue also suggests
that this specimen reached its full size, with no
further significant growth occurring after this
stage.

The comparison of these two specimens
with earlier studies highlights the diversity
of ontogenetic stages in pterosaurs from the
Romualdo Formation. While some specimens
exhibit juvenile characteristics, others show
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clear signs of adulthood, with well-developed
EFS and a cessation of growth. These findings
underscore the importance of osteohistological
analysis in understanding the growth dynamics
and life history of pterosaurs, particularly in
differentiating between juvenile and adult
stages. The continued study of histological
variation in pterosaur bones will provide
further insights into their growth patterns,
biomechanics (e.g Aradjo et al. 2025), and the
evolutionary adaptations that allowed these
reptiles to become the giants of the Mesozoic
skies.

CONCLUSIONS

The discoveries presented here indicate that
pterosaurs were distributed throughout the
Basin where the Romualdo Formation emerged.
Implementing geographic and stratigraphic
control of pterosaur collections is crucial for
understanding the distribution of this group.
This can provide population data, allowing
researchers to establish interactions between
species or their isolation in certain regions of
the basin. Additionally, these data significantly
impact our knowledge of pterosaur distribution
in Gondwana, especially during the Lower
Cretaceous.

The histological analysis of LPP Pt-002
and LPP Pt-005 adds to the growing body of
evidence that pterosaurs from the Romualdo
Formation exhibit diverse growth patterns, with
juvenile and adult specimens displaying distinct
histological features. The absence of EFS and
LAGs in LPP Pt-002 suggests a late juvenile or
post-juvenile stage, while the presence of EFS in
LPP Pt-005 points to an adult that has reached
its asymptotic growth. These findings contribute
to our understanding of pterosaur ontogeny
and underscore the value of osteohistology in

FIRST PTEROSAUR RECORD FROM PIAUT STATE

interpreting the life history of these remarkable
flying reptiles.
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