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A B S T R A C T

The fossil record of pterosaurs in northwestern Gondwana has been relatively scarce, with only two previous occurrences. This study presents new pterosaur findings 
from three sites in Colombia, including a new record of an Anhanguera-like specimen and other bones referrable to Anhangueria. The new material includes a 
distinctive partial lower jaw found in association with parts of a radius and a complete distal syncarpal. The lower jaw has a triangular glenoid fossa in dorsal view, a 
fossa depressoria with a bean-shaped outline, and a retroarticular process with a straight margin in lateral or medial views. The new fossils extend the record of 
Anhanguera-like pterosaurs into the earliest part of the Cretaceous and expand our knowledge of the vertebrate fossil record of lower latitudes.

1. Introduction

The fossil record of pterosaurs from northern South America is 
poorly sampled thus far, with just two occurrences, both from Early 
Cretaceous-aged horizons. The first, from the Aptian Apón Formation of 
Venezuela, is a nearly complete, isolated scapulocoracoid whose size 
and proportions match those of anhanguerids (Kellner and Moody, 
2003). The second, from the Valanginian Rosa Blanca Formation of 
Colombia, includes a partial radius with ctenochasmatoid or azhdarch
oid affinities and a lower jaw resembling ornithocheiroids (Cadena 
et al., 2020). However, the incompleteness of these remains precludes 
further systematic analysis, leaving unresolved the affinities of the 
pterosaurs from this region.

Here, we describe new and better-preserved pterosaur remains from 
two localities in the Valanginian Rosa Blanca Formation of Zapatoca, 
Santander, Colombia (Fig. 1). Although these remains are insufficient to 
justify naming a new species, they support the hypothesis forwarded by 
Cadena et al. (2020) that the pterosaurs from this formation resemble 
Anhanguera (Campos and Kellner, 1985) from the Early Cretaceous of 
Brazil. Additionally, we expand the fossil record of pterosaurs in 
Colombia by reporting and describing the first Barremian record from 
the La Paja Formation in Villanueva, Santander (Fig. 1). These speci
mens contribute to the growing knowledge of pterosaurs from low 

latitudes in the Americas.

2. Material and methods

2.1. Fossil preparation and study

Rock matrix was removed from some specimens using dental picks. 
One specimen required preparation from an air scribe and sulfamic acid 
(H3NSO3) at the Centro de Investigaciones Paleontológicas in Villa de 
Leyva, Colombia.

The fossils were measured using a caliper, and they were photo
graphed and examined with a Nikon Eclipse SMZ1270 stereomicroscope 
at the laboratory of the Traditional and Molecular Neotropical Paleon
tology Group (PaleoNeo) at the Universidad del Rosario.

In order to infer growth patterns of some of the specimens, thin 
sections from long bone fragments were prepared at the Mineral Lab 
company, Bogotá, Colombia (see below, "Bone Histology"). The thin 
sections were studied and photographed using polarized-light and Blue 
Color Balancing Filter (DLF) on a Leica DM750P microscope at the 
PaleoNeo lab, Universidad del Rosario.
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2.2. Institutional abbreviation

UR-CP, paleontological collection, Facultad de Ciencias Naturales, 
Universidad del Rosario, Bogotá, Colombia.

3. Systematic paleontology

PTEROSAURIA, Kaup (1834).
PTERODACTYLOIDEA, Plieninger (1901).
ORNITHOCHEIROIDEA, Seeley (1870).
ANHANGUERIA sensu Rodrigues and Kellner (2013).
(Figs. 2–4A–H).
Referred material—Specimen UR-CP-0233 includes the posterior 

portions of the right and left rami of the mandible, the distal end of a 
ceratobranchial, proximal and distal portions of a left radius, and a 
complete left distal syncarpal.

Locality, Horizon, and Age— Specimen UR-CP-0233 is from El 

Sapo South locality, which is located approximately 3 km east-northeast 
of Zapatoca, in the Department of Santander, Colombia (6◦ 50′ 6’’ N, 73◦

14′ 29’’ W). The bones were found associated within an area of 
approximately 1.5 m2 at the top of a hard biomicrite limestone, which 
corresponds to layer QIV of the Carrizal Member, Rosa Blanca Formation 
(Etayo-Serna and Guzmán-Ospitia, 2019). The Carrizal Member of the 
Rosa Blanca Formation is within the upper Valanginian stage of the 
Lower Cretaceous based on ammonoid biostratigraphy zonation 
(Etayo-Serna and Guzmán-Ospitia, 2019; Szives et al., 2024).

Remarks— Specimen UR-CP-0233 shares with Anhanguera the 
rectangular shape in medial or lateral views of the mid-posterior regions 
of the rami and a retroarticular process moderately developed posterior 
to the glenoid fossa. It differs from Anhanguera and other pterosaurs in 
having triangular shape of the glenoid fossa in dorsal view, a fossa 
depressoria exhibiting a bean-shaped outline, and a retroarticular pro
cess that exhibits a straight margin in lateral or medial views.

Description— Specimen UR-CP-0233 consists of the posterior 

Fig. 1. Maps and localities in the Department of Santander, Colombia, where the fossil pterosaurs described herein were found, including two localities from 
Zapatoca (Pico de la Vieja North and El Sapo South) and one from Villanueva (Mirador los Monos).
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portions of the right and left mandibular rami, and the distal tip of a 
ceratobranchial. All these elements were found associated, and some 
regions of the bones have been covered by a hard layer of hematite. The 
right mandibular ramus is more complete than is the left (Fig. 2A–G, J). 
In lateral view (Fig. 2A and B), its retroarticular process is high and short 
dorsoventrally, ending in a straight posterior margin. In lateral view, the 
sutural contact between the angular and the surangular is visible, as well 

as the contact between the prearticular and the surangular. Anterior to 
the tip of the prearticular there is a foramen. In medial view (Fig. 2C and 
D), the adductor fossa is well developed, and anteriorly projecting. It 
holds the foramen chorda tympani towards its posterior end. In dorsal 
view (Fig. 2E, F, J), the fossa depressoria is large and has a bean-shaped 
outline, and the glenoid fossa is deep, having a triangular shape.

The left mandibular ramus is less complete than the right (Fig. 2H 

Fig. 2. Specimen UR-CP-0233, mandibular rami and ceratobranchial bones. A–B, right ramus in lateral view; C–D, right ramus in medial view; E–G, right ramus in 
dorsal view, including a close-up (G) of the posterior articular region; H–I, left ramus in lateral view; J–O, comparisons of the posterior articular right ramus of 
specimen UR-CP-0233 and several pterosaurs in dorsal view redrawn from Pêgas et al. (2021, Fig. 16), including: (J), cf. Anhanguera; (K) “A. araripensis”; (L), 
Pteranodon sp. YPM- 2410; (M), Thalassodromeus sethi holotype; (N), Aymberedactylus cearensis holotype; (O), Pteranodon sp. LACM- 51130; P–R, fragment of a 
ceratobranchial of specimen UR-CP-0233 in: (P), lateral view; (Q) posterior view; and (R), medial view. Abbreviations: adfo, adductor fossa; ang, angular bone; 
defo, fossa depressoria; fct, foramen chorda tympani; for, foramen; glfo, glenoid fossa; part, prearticular bone; rapr, retroarticular process; san, surangular bone. 
Scale bar equals 1 cm.
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and I). It has the same deep and triangular shape of the glenoid fossa 
exhibited by the left ramus. Both the lateral and medial surfaces are still 
covered by a layer of hematite that is very difficult to remove, which 
leaves visible only the most anterior contact between the angular and 
the surangular. The retroarticular portion of the ramus is missing. A rod- 
like distal end of a ceratobranchial bone is also preserved, and fully 
replaced in hematite (Fig. 2P–R). The surface of the bone bears well- 
defined striations.

Specimen UR-CP-0233 also includes both proximal and distal por
tions of a left radius. For this and other wing elements, we follow other 
authors in orienting the wing in an outstretched position, such that 
anterior is towards its leading edge and posterior is towards its trailing 
edge (e.g., Andres and Langston, 2021; Rosenbach et al., 2024). The 
proximal portion of the left radius is nearly complete, lacking only its 

dorsal expansion and some of the cortical bone on its anterior face 
(Fig. 4A–D). The anterior and posterior surfaces of the proximal end are 
very smooth, and where this surface is broken away a very thin layer of 
cortical bone and highly pneumatic bone tissue are revealed (Fig. 4B and 
C). The shaft of the bone expands towards the distal end, but the char
acteristic dorsal expansion of the radius is not preserved. Its ventral side, 
however, preserves a rounded tubercle that extends beyond the edge of 
the proximal articular surface, which is shallow and dished (Fig. 4D). 
Much of its perimeter is bordered by a raised ridge of bone (ca. 0.8 mm 
thick). The proximal end flattens and tapers anteroposteriorly towards 
its preserved dorsal end.

The distal portion of the left radius preserves a small portion of the 
shaft and the entirety of the distal articular surface (Fig. 4E–H). The 
shaft is subrectangular in cross section, with its anteroposterior depth 

Fig. 3. Specimen UR-CP-0233, a complete left distal syncarpal. A–B, proximal view; C, anteroventral view; D, dorsal view; E, distal view; F, posterior view; G–O, 
comparisons of the left distal syncarpal of specimen UR-CP-0233 and some Cretaceous pterodactyloids redrawn from Rigal et al. (2017, Fig. 6) and Pinheiro and 
Rodrigues (2017, Fig. 2J), including: (G), cf. Lonchodraco sp.; (H) Azhdarcho lancicollis; (I), Santanadactylus pricei; (J), “A. araripensis”; (K), S. spixi; (L), Pteranodon sp.; 
(M), “A. santanae”; (N), Anhanguera piscator, (O) Anhanguera sp. AMNH 22555, and (P), cf. Anhanguera. Abbreviations: cr, crest; dar, articulation surface for radius; 
dau, articulation surface for ulna; fov, fovea; ftp, flexor tendon process; isa, intersyncarpal surface articulation; pf, pneumatic foramen; sul, sulcus; tu, tuberosities. 
Black arrows indicate pneumatic foramina in (C) to (F). Scale bar equals 2 cm.
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slightly more than half its transverse width. The distal articular surface 
is slightly expanded dorsally and developed into an elongate articular 
surface exposed on the posterior and distal faces of the element. This 
articular surface also has a very small excursion onto the anterior face of 
the element, where it is positioned just below a prominent tubercle. On 
the opposite side of the anterior face lies a prominent crest that is ori
ented parallel to the long axis of the bone. In distal view, the articular 
surface of the radius is roughly peanut-shaped, with a larger dorsal 
articular surface and a much smaller ventral articular surface. The 
anterior suface of the bone bears striated marks that we interpret to be 
muscle attachment scars.

A transverse histological section through a small shaft section of the 

radius exhibits a thin cortex composed of fibrolamellar bone with 
abundant and small in diameter vascular canals, very few primary 
osteons, a well-defined endosteal bone layer (Fig. 5D–F). There are no 
lines of arrested growth. These features are consistent with rapid growth 
of a sub-adult individual (Ricqlès et al., 2000). The endosteal bone layer 
is characterized by highly elongated and abundant osteocytes (Fig. 5F), 
similar to the same bone tissue of Rhamphorhynchus from the Solnhofen 
Limestones (Prondvai et al., 2012). Specimen UR-CP-0233 exhibits some 
erosional cavities in the posterior bone layer (Fig. 5D–G), which seem to 
be associated with the origin of the bone struts (Prondvai et al., 2012) 
that characterize the uncompacted cancellous bone (spongiosa) inner 
tissue region of the bone. Another pterosaur characteristic visible in 

Fig. 4. Specimen UR-CP-0233, UR-CP-0230, and UR-CP-0234. A–D, specimen UR-CP-0233, proximal portion of a left radius in: (A) ventral view; (B), anterior view; 
(C), posterior view; (D) anterodorsal view. E–H, specimen UR-CP-0233, distal portion of a left radius in: (E) medial view; (F), anterior view; (G), posterior view; (H) 
distal view. I–L, Anhangueria indet. UR-CP-0230, UR-a distal end of a right metacarpal IV in: (I) posterior view; (J), distal view; (K), distoventral view; (L) in 
transversal cross section showing the trabecular tissue near the exterior region and more spongy bone at the inner part of the bone. M–P, Anhangueria indet. UR-CP- 
0234, to a left radius with an isolated pterosaur and an isolated shark tooth: (M), left radius in anterior view; (N) left radius before being removed from the rock 
matrix, indicating where the pterosaur tooth (O) and shark tooth (P) possibly belonging to an odontaspidid were located. Horizontal scale bars equal 2 cm, upper bar 
applies for (A) to (D), middle bar applies for (E) to (H) and lower bar applies for (N). Vertical scale bars equal 5 mm and apply for (O) and (P) respectively. White 
arrows in (F) indicate scars for the attachments of muscles.
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UR-CP-0233 is the occurrence of periosteal tissue exhibiting ‘ply
wood-like’ pattern (Fig. 5H, I, J), which occurs when bone fiber, 
lacunae, and vascular canals in each lamella have a preferred orienta
tion, creating zonal extinction under polarized-light (Steel, 2008). Re
mains of ‘plywood-like’ bone tissue are also observed in some of the 
struts that form the uncompacted cancellous bone (Fig. 5K and L).

Specimen UR-CP-0233 includes a complete left distal syncarpal 
element (Fig. 3A–F, O). The bone is very well preserved, with only a very 
small amount of surface damage to some of the sharp edges on its 
proximal and distal surfaces. The distal syncarpal is roughly trapezoidal 
in proximal or distal views. It measures approximately 5 cm wide 

transversely by 4 cm deep dorsoventrally by 2 cm thick proximodistally.
The proximal surface of the distal syncarpal is topographically 

complex. It is predominated by two subtriangular projections, the 
intersyncarpal articular surfaces, that are separated from one another by 
a deep, obliquely oriented sulcus that extends from the dorsolateral to 
the ventromedial corner of the element. Small foramina open in the 
dorsomedial portion of the sulcus; the largest of these faces laterally. The 
intersyncarpal articular surfaces are subtriangular in shape and inverted 
relative to one another, with their hypotenuses bordering the sulcus. The 
dorsal intersyncarpal articular surface is larger, more extensive dorso
ventrally, and slightly more expanded proximally. By contrast, the 

Fig. 5. Bone histology of a shaft radius fragment of specimen UR-CP-0233. A, the bone fragment in anterior view, indicating where the thin section was elaborated 
(red dotted line); B–C, full view of the bone thin section showing where the different tissue types are preserved versus the infilling rock matrix; D–J, transverse 
section of three different regions of periosteal bone: in transmitted light (TL) (D) region 1, (G) region 2, (I) region 3 and (F) zoom-up of the endosteal internal layer of 
region 1; in crossed polarized with DLF filter (PL-DLF) (E) region 1, (H) zoom of the middle part of region 2, and (J) region 3 in crossed polarized; K–L, transverse 
section of a strut of the uncompacted cancellous bone (spongiosa) region in TL (K) and PL-DLF (L). Abbreviations: ec, erosion cavity; end, endosteal lamellar bone; 
ost, osteocyte-lacuna; ply, ‘plywood’ layers; po, primary osteon; ps, periosteal bone surface; pts, periosteal-trabecular bone; rm, rock matrix; st, strut; ucs, 
uncompacted cancellous bone (spongiosa); vc, vascular canal. Upper vertical scale bar equals 1 cm, and scale bars included in the microphotographs equals 500 μm 
[planned for page width].
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ventral intersyncarpal articular surface is smaller, more restricted 
dorsoventrally, and less expanded proximally. The highest points of both 
intersyncarpal articular surfaces are near the lateral margin of the distal 
syncarpal. On the opposite side of the same face, the ventromedial 
corner comes to a blunted point that represents the articular surface for 
the medial ("preaxial") carpal.

The distal surface of the distal syncarpal has less topographical relief 
than does the proximal surface, but it is more complex morphologically. 
It bears a prominent fovea that is approximately 1 cm in diameter by 1 
cm deep and positioned slightly medial to the geometric center of the 
element. The fovea appears to be pneumatic, with smaller pneumatic 
foramina opening within it. It is partially ringed by a flattened crest that 
is approximately 0.5 cm broad. There is a gap in the crest on the dor
somedial margin of the fovea, from which a gentle groove emanates and 
extends onto the dorsal surface of the element. The crest separates the 
fovea from the articular surface for the metacarpus, principally meta
carpal IV, which is located on the lateral side of the distal syncarpal. The 
metacarpal articular surface is reniform in outline and stepped prox
imodistally. Although the surface is contiguous, the sharp step creates a 
distinction between dorsal and ventral articular surfaces that can be 
identified in lateral view of the element. The dorsal metacarpal articular 
surface is smaller and transversely oriented, whereas the ventral meta
carpal articular surface is ear-shaped and dorsoventrally oriented. Two 
small foramina open near the ventral extreme of the ventral metacarpal 
articular surface.

The ventral surface of the distal syncarpal bears a relatively large 
foramen (ca. 0.25 cm diameter) and several much smaller foramina. The 
dorsal surface of the distal syncarpal is notched medially, marking the 
position of the gentle groove exiting the fovea.

ANHANGUERIA indet.
(Fig. 4I–O).
Referred material—Two specimens are referred to Anhangueria 

indet. Specimen UR-CP-0230 is a distal end of a right metacarpal IV, and 
specimen UR-CP-0234 is a proximal portion of a left radius and an iso
lated tooth.

Localities, Horizons, and Age—The distal metacarpal IV (UR-CP- 
0230) is from Pico de la Vieja North locality, which is located approxi
mately 6 km north-northeast of Zapatoca, in the Department of 
Santander, Colombia (6◦ 51′ 18’’ N, 73◦ 13′ 51’’ W). The specimen was 
collected from a thick layer of iron-calcareous rich mudstone between R- 
R′ horizons of the Carrizal Member, Rosa Blanca Formation (Etayo-Serna 
and Guzmán-Ospitia, 2019). The Rosa Blanca Formation is from the 
upper Valanginian stage of the Lower Cretaceous.

A proximal radius and isolated tooth (UR-CP-0234) were collected 
from the El Mirador los Monos locality, which is located approximately 
6 km north of Villanueva, in the Department of Santander, Colombia (6◦

43′ 32" N, 73◦ 9′ 48" W). The specimen was collected from the base of La 
Paja Formation, which has been suggested to correspond to the lower 
Barremian stage of the Lower Cretaceous (Patarroyo, 2020).

Description—Specimen UR-CP-0234 corresponds to a left radius 
(Fig. 4M and N). Most of the external bone tissue is eroded, and the 
hollow internal cavity was in filled by hematite (Fig. 4M). The bone was 
preserved in a hard rock matrix composed of hematite and gypsum 
(Fig. 4N). In this rock matrix, we found one isolated tooth exhibiting a 
sigmoid profile and enamel ornamentation consisting of faint, reticu
lated, longitudinal ridges (Fig. 4O). Also, very close to this tooth, an 
isolated shark tooth was also preserved (Fig. 4P).

Specimen UR-CP-0230 is the distal end of a right metacarpal IV 
(Fig. 4I–L). In posterior and distal views (Fig. 4I and J), it exhibits the 
two robust distal condyles for the articulation with wing phalanx 1. The 
bone surface is eroded at both distolateral regions showing tissue with 
high pneumaticity in posterior view. In distoventral view (Fig. 4K), the 
metacarpal exhibits a very flat surface and a circular and deep pneu
matic foramen. Due to a natural breakage, the trabeculae at the external 
surface of the bone, and the spongy, highly pneumatic internal bone 
tissue are visible in cross section (Fig. 4L).

A transverse histological section through the shaft of metacarpal IV 
(UR-CP-0230; Fig. 6) reveals that the periosteal layer has been replaced 
almost completely by trabecular bone with large erosional cavities. 
Lines of arrested growth and well-defined external circumferential 
lamellae are visible (Fig. 6F and G), indicating an adult individual with 
periods of interrupted growth and skeletal maturity (Andrade et al., 
2015; Kellner et al., 2013; de Ricqlès et al., 2000; Steel, 2008). Similar 
bone features have been also documented in a pterosaur with anhan
guerid affinities from the Aptian Romualdo Formation of Brazil (Bantim 
et al., 2021). The trabecular tissue varies in thickness along the cross 
section of the bone, being particularly thick at the posterior and anterior 
sides (Fig. 6C, D, E), potentially due to difference in load and biome
chanical function of the bone. This hypothesis is supported by the 
occurrence of Sharpey’s fibers (Fig. 6H and I), indicating zones for the 
attachment of tendons and ligaments to the bone. The struts forming the 
inner uncompacted cancellous bone exhibit some peripheral lamellae 
and occasional secondary osteons (Fig. 6J and K).

4. Discussion

The partial jaws of specimen UR-CP-0233 (Fig. 2J) resemble those of 
“Anhanguera (Santanadactylus) araripensis” (Fig. 2K), A. (Maaradactylus; 
Coloborhynchus) spielbergi (Veldmeijer, 2003; Rodrigues and Kellner, 
2013), “A. (Araripesaurus) santanae” (Pinheiro and Rodrigues, 2017), 
and a specimen of Anhanguera (Veldmeijer et al., 2005, Fig. 3)—all of 
which exhibit a large fossa depressoria and moderately long retro
articular process ending in U-shaped margin seen in dorsal view. How
ever, specimen UR-CP-0233 differs from “A. araripensis”, A. spielbergi, 
“A. santanae,” and the rami of other pterosaurs figured in Pêgas et al. 
(2021) in having triangular shape of the glenoid fossa in dorsal view, a 
fossa depressoria exhibiting a bean-shaped outline, and a retroarticular 
process that exhibits a straight margin in lateral or medial views. The 
rami of other pterosaurs differ more notably from specimen 
UR-CP-0233. For example, in Pteranodon sp. YPM- 2410 (Fig. 2L), the 
retroarticular process is longer and narrower, the fossa depressoria 
elongated in shape, and the glenoid fossa larger forming a trapezoidal 
shape in dorsal view. In the Thalassodromeus sethi holotype (Fig. 2M), the 
retroarticular process is shorter, and the fossa depressoria exhibits a 
circular outline. In the Aymberedactylus cearensis holotype (Fig. 2N) the 
rami are very narrow, as is the retroarticular process, and in Pteranodon 
sp. LACM- 51130 (Fig. 2O) the fossa depressoria is small and the glenoid 
fossa wider. The bone surface striations and rod-like shape of the cera
tobranchial bone of specimen UR-CP-0233 (Fig. 2P–R) ressemble several 
other pterosaurs (Jiang et al., 2020; Fig. 3), in particular Nurhachius 
ignaciobritoi.

The distal syncarpal of specimen UR-CP-0233 (Fig. 3A–F, O) differs 
in terms of its shape, fovea, and articular facets for the ulna and radius 
compared to the same bone of Cretaceous pterodactyloids figured in 
Rigal et al. (2017, Fig. 3) including: cf. Lonchodraco sp. (Fig. 3G); Azh
darcho lancicollis (Fig. 3H); Santanadactylus pricei (Fig. 3I); “A. arari
pensis” (Fig. 3J); S. spixi (Fig. 3K); Pteranodon sp. (Fig. 3L); “A. santanae” 
(Fig. 3M); Anhanguera piscator (Fig. 3N). It also differs from the narrower 
syncarpal of A. spielbergi (Veldmeijer, 2003) and that of Ferrodraco len
toni (Pentland et al., 2022). The distal syncarpal of specimen 
UR-CP-0233 is similar in general shape and proportions of the fovea, 
facets, and foramina to the syncarpal of Anhanguera sp. (AMNH 22555; 
Pinheiro and Rodrigues, 2017, Fig. 3P). The similarity between these 
specimens supports the attribution of UR-CP-0233 to Anhangueria.

The isolated tooth of UR-CP-0234 (Fig. 4O) from La Paja Formation 
resembles the labiolingual compression, sigmoid profile, slight distal 
curvature, and enamel ornamentation of longitudinal grooves exhibited 
by other members of Ornithocheiridae or Anhangueria/Anhangueridae, 
as does a recent tooth described from the Early Cretaceous of Ukraine 
(Brougham et al., 2017; Sokolskyi, 2023). The shark tooth (Fig. 4P) 
preserved in proximity to the pterosaur tooth and radius of UR-CP-0234 
reseembles teeth from odontaspidid sharks, particularly of 
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Eostriatolamia (Glickman and Averianov, 1998). This suggests a thana
tocoenosis assemblage type, where marine sharks and flying pterosaurs 
were buried and preserved together. A similar thanatocoenosis assem
blage occurs with the pterosaurs of the Rosa Blanca Formation, which 
are usually found together with marine invertebrates and pycnodonti
form fish remains.

5. Conclusions

The fossil pterosaurs from Colombia described herein expand our 
understanding of the pterosaur diversity of northern South America 
during the Early Cretaceous. The fossils include a new record of 
Anhangueridae—based on mandibular remains, a ceratobranchial bone, 
a distal syncarpal, and portions of a radius—that may constitute a 
distinct taxon. Additional fossil remains referrable to the more inclusive 

Fig. 6. Bone histology of Anhangueria indet. UR-CP-0230 distal end of a right metacarpal IV. A, the bone fragment in posterior view, indicating where the thin 
section was elaborated (red dotted line); B–C, full view of the bone thin section showing where the different tissue types are preserved versus the infilling rock matrix; 
D–E, close-ups of two regions of the thin section showing in detail the tissue types, see rectangles showed in (D); D–J, transverse section of two different regions of 
periosteal bone: in transmitted light (TL) (F) region 1, (H) region 2, in crossed polarized with DLF filter (PL-DLF) (G) region 1, (I) region 2; J–K, transverse section of 
the uncompacted cancellous bone (spongiosa) region in TL (J) and PL-DLF (K). Abbreviations: ec, erosion cavity; LAG, line of arrested growth; lam, lamellar bone; 
ps, periosteal bone surface; pts, periosteal-trabecular bone; rm, rock matrix; Shf, Sharpey fiber; so, secondary osteon; st, strut; ucs, uncompacted cancellous bone 
(spongiosa); vc, vascular canal. Upper vertical scale bar equals 1 cm, and scale bars included in the microphotographs equals 500 μm.
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group Anhangueria include a partial metacarpal IV and an isolated 
partial radius. Histological analysis of two bones provides some insights 
into the growth patterns of these pterosaurs. Based on this analysis, 
specimen UR-CP-0233 represents a juvenile individual and specimen 
UR-CP-0230 an adult, both sharing with other fossil pterosaurs bone 
tissues that indicate rapid growth. These new pterosaur fossils from the 
Valanginian and Barremian of Colombia show that these flying reptiles 
were well adapted to inhabit the coastal conditions prevailing during 
that time in northern South America. This is also supported by the 
occurrence of juveniles and adults, potentially giant, larger than 5 m 
long wingspan. Further studies and exploration in this area could 
potentially uncover more fossils and enrich our knowledge of pterosaur 
biology and paleontology in the region.
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