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A non-titanosaur Somphospondyli specimen unearthed from Early Cretaceous (Aptian) deposits of north-eastern Brazil
allowed the establishment of a new taxon, Dasosaurus tocantinensis gen. et sp. nov. Shared synapomorphic traits,
notably a complex of three anteroposteriorly elongated ridges in the middle and posterior caudal vertebrae, with a
groove above the ventral one, and a well-developed lateral bulge on the femur, support the position of the new sauropod
as sister to Garumbatitan morellensis, from the Barremian of Spain. Osteohistological patterns recognized in D.
tocantinensis include a mixture of traits previously recognized separately in early diverging neosauropods and later
titanosaurs, including an external fundamental system and remains of primary laminar tissue, along with a high degree
of secondary remodelling. Apart from expanding the known diversity of Early Cretaceous sauropods in the northern part
of South America, this discovery highlights biogeographical connections with more northern Gondwanan areas, as well
as Europe. In fact, numerical biogeographical analyses suggest that the clade formed by D. tocantinensis and Ga.
morellensis had a European origin, with the lineage including D. tocantinensis dispersing to South America via northern
Africa at some point between the Valanginian and Aptian.

https://zoobank.org/urn:lsid:zoobank.org:pub:0BF20DD1-159D-40EE-8E46-3EE88771470A

Keywords: Cretaceous; Somphospondyli; biogeography; Sauropoda; Dasosaurus

Introduction

Somphospondyli Wilson & Sereno, 1998, is the

maximal clade containing Saltasaurus loricatus, but not

Giraffatitan brancai (Silva Junior et al., 2022). Recent

studies have assigned a broad array of non-titanosaur

sauropods to this clade, widespread across Europe, Asia,

South and North America, Africa, and Australia, span-

ning in age from the Berriasian to the Santonian

(Carballido, Bellardini, et al., 2022; Mocho et al., 2023),

with possible Late Jurassic records (e.g. Mannion et al.,

2013; Mannion, Upchurch, Schwarz, et al., 2019).

Instead, most somphospondyls recorded in Brazil belong

to Titanosauria and come from Late Cretaceous
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deposits, especially the Bauru Basin in the south-eastern

part of the country (Langer et al., 2022). However,

newly unearthed (e.g. Carvalho et al., 2017; Castro

et al., 2007; Ghilardi et al., 2016; Pereira et al., 2024)

and recovered historical (Bandeira et al., 2024) speci-

mens, along with long known and new ichnological data

(e.g. Carvalho, 2004; Gomes et al., 2024; Leonardi,

1989, 1994), are revealing a relevant Early Cretaceous

diversity of Titanosauriforms in the north-eastern part of

the country. This is enhanced here with the record of a

new, non-titanosaur species of the clade, excavated from

Aptian deposits of the Parna�ıba Tectonic Province. Its

phylogenetic position, sister to Garumbatitan morellen-

sis, from the Arcillas de Morella Formation, late

Barremian of Spain (Mocho et al., 2023), highlights the

close biogeographical connections between north-eastern

South America and more northern Gondwanan areas, as

well as Europe, towards the end of the Early

Cretaceous.

Titanosaurs had the highest rates of bone recycling

known among tetrapods (Curry-Rogers & Kulik, 2018;

Mitchell & Sander, 2014; Navarro et al., 2022; Stein

et al., 2010). Such high rates were absent in brachio-

saurids (Klein & Sander, 2008; Mitchell & Sander,

2014; Sander, 2000; Sander et al., 2006), but because

most sampled titanosaurs are from the Late Cretaceous,

it is currently unknown at which point in time and in

which part of the titanosauriform phylogeny such exten-

sive bone remodelling originated. Osteohistological stud-

ies conducted here on the new Brazilian species help

bridge that evolutionary gap.

Excavation and geological setting
The fossils dealt with here were first identified by

archaeologist Daniel Ribeiro da Silva, who spotted them

emerging from the base of an approximately 8 m high

slope of a road-rail cut in Davin�opolis, Maranh~ao (MA),

north-eastern Brazil. The field campaigns were reported

to the Agência Nacional de Mineraç~ao (ANM) under

protocol numbers 015.2021 and 023.2021, in accordance

with Brazilian regulations for fossil collection. The

specimens were excavated by a team led by ELM and

LRK, using 1� 1 m quadrants at the site to record the

spatial distribution of the fossils and other taphonomic

parameters. Photographical and videographical docu-

mentation of the excavation was also conducted. The

high clay content and plasticity of the bearing rock was

such that, when exposed, the matrix dried out and con-

tracted, breaking apart into clumps around the fossils.

Most of the fossils were robust enough to be collected

without large amounts of rock around them, whereas

others required extraction with the use of plaster jackets,

due to their fragility or position relative to adjacent

remains. The fossils were dispersed over an area of c. 6

m2, mostly clustered towards the northern part of the

excavation (Fig. 1).

The site that yielded the new sauropod is set near the

south-western border of the Graja�u Basin as defined by

Rossetti and Truckenbrodt (1997; see also Ferreira et

al., 2021; Pedr~ao et al., 2002; Rezende, 2002; Rossetti

et al., 2001), one of the sub-basins into which the

Parna�ıba Tectonic Province (Almeida, 1977; Almeida

et al., 1981) has been divided (G�oes, 1995; G�oes &

Coimbra, 1996; G�oes & Rossetti, 2001). Recent regional

geological maps (Costa Neto et al., 2014; Klein &

Sousa, 2012) place the site into the exposure area of the

Cod�o Formation (Fig. 2). In the eastern part of the

basin, deposits usually referred to that unit were split in

two sequences, separated by an erosional disconformity

(Mendes & Borghi, 2004; Rossetti et al., 2001). The

lower sequence corresponds to the ‘typical’ Cod�o

Formation, including shales and limestones, deposited in

a lacustrine-evaporitic context; the fossil record of

which suggests a late Aptian age (Antonioli, 2001;

Guerra-Sommer et al., 2021; Ramos et al., 2006;

Lindoso & Carvalho, 2012; Lindoso et al., 2016). In the

Tocantins River area, where the new fossils were found

(Fig. 2), Costa Neto et al. (2014) divided the Cod�o

Formation in three facies associations, from base to top:

(1) dark grey shale with limestone intercalations; (2)

greenish-grey siltstone with subordinate shale and calcif-

erous sandstone; (3) fine, light greenish-grey calciferous

sandstone, with shale and siltstone intercalations. The

sediments bearing the new fossils better match facies

associations 2 and 3, as well as the coarser ‘upper

sequence’ of Rossetti et al. (2001). As previously pro-

posed by Leite et al. (1975), Rossetti et al. (2001) sug-

gested the correlation of that sequence to the ‘Unnamed

Unit’ or the Alcantara Formation (Anaisse J�unior et al.,

2001; Rossetti & Truckenbrodt, 1997), within the

Itapecuru Group of Rossetti and Truckenbrodt (1997),

S~ao Lu�ıs-Graja�u Basin.

The lithology of the site, on the other hand, is more

reminiscent of the Itapecuru Formation (see below), par-

ticularly as exposed in the Querru Outcrop, at the north-

eastern part of the basin (Ferreira et al., 2016). It

includes flat parallel beddings of very friable clayish/

sandy siltstones and fine yellowish/reddish sandstones,

intercalated with more consolidated greyish muddy

sandstones, with incipient carbonate cementation and

concretions. Bioturbation structures are present, as well

as ferruginous coverings of the hematite/goethite type;

all laid above an erosional contact with the Graja�u

Formation. Hence, the fossil site most likely exposes the

lower portion of the Itapecuru Formation amid a more

general incidence of the Cod�o Formation, which occurs

2 E. L. Mayer et al.



in the area as red-brownish fine sandstones, with zeo-

lites remobilized from the CAMP (Central Atlantic

Magmatic Province) Mosquito basalts (Merle et al.,

2011; Vaz et al., 2007). Enclaves of the Itapecuru

Formation seem to be common in the area; see purple

areas in Figure 2, corresponding to the ‘Varj~ao

Formation’ of Costa Neto et al. (2014). In any case, fur-

ther studies are needed to better place the fossil bearing

beds into the stratigraphical and chronological frame-

works of the Parna�ıba Tectonic Province.

First described as ‘Itapecuru Layers’ (Lisboa, 1914),

and later as a Formation (Campbell, 1949), from out-

crops on the banks of the Itapecuru and Alpercatas riv-

ers, more recent accounts (e.g. Corrêa-Martins, 2019;

Ferreira et al., 2021; Pedr~ao et al., 2002; Vaz et al.,

2007) have agreed upon a Formation, rather than Group

Figure 1. Outcrop view and spatial distribution of fossils in the site. A, Photograph of the front of the outcrop. B, Horizontal
distribution of in situ fossils as they were discovered. Abbreviations: fib, fibula; fm, femur; isc, ischium; mtc, metacarpal; mtt,
metatarsal; pl, phalanx; rd, radius; rib, rib; tib, tibia; vtb, vertebra.
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status for that geological unit, which is broadly distrib-

uted (Fig. 2) over the Parna�ıba Tectonic Province

(Corrêa-Martins, 2019; Klein & Sousa, 2012; Mesner &

Wooldridge, 1964, Rossetti & Truckenbrodt, 1997). It

corresponds to siliciclastic deposits usually composed of

reddish and greyish mudstones, siltstones and shales,

also exhibiting fine to very fine clayish sandstones and

eventually medium to coarse sandstones, conglomerates

and limestone levels, interpreted as fluvial, shallow lake,

estuarine and deltaic in origin (Corrêa-Martins, 2019;

Ferreira et al., 2021; Gonçalves & Carvalho, 1996;

Lima et al., 1994; Pessoa & Borghi, 2005; Zal�an, 2007).

In a paleoequatorial context of warm semi-arid cli-

mate, with marked seasonality and local humid condi-

tions, the Itapecuru Formation bears a noteworthy

record of fossil tetrapods, although most remains are

found disarticulated and isolated. Dinosaurs are repre-

sented by isolated carcharodontosaurid and spinosaurine

skeletal remains (Arcanjo et al., 2023; França et al.,

2025; Medeiros et al., 2014), and by more abundant

sauropod records, including titanosaurs and diplodo-

coids, such as the rebbachisaurid Amazonsaurus maran-

hensis (Carvalho et al., 2003; Castro et al., 2007; Silva,

2023). Other reptiles include the pleurodire turtle

Itapecuruemys amazonensis (Batista et al., 2020) and

the crocodyliform Candidodon itapecuruense (Carvalho,

1994). In terms of age, as reviewed by Ferreira et al.

(2020), the fossil record of the Itapecuru Formation

indicates a general referral to the Aptian–Albian, but

more recently gathered palynological data narrow the

age of its lower potion to the late Aptian, at least in the

studied outcrops to the eastern portion of the basin

(Ferreira et al., 2020).

Material and methods

The fossils were initially housed and prepared at

Universidade Federal do Sul e Sudeste do Par�a

(UNIFESSPA), in S~ao F�elix do Xingu-PA, but ultim-

ately deposited at the fossil collections of Centro de

Pesquisa de Hist�oria Natural e Arqueologia do

Maranh~ao (CPHNAM), in S~ao Luis-MA. This is a pub-

lic repository, in which specimens are kept available for

the entire scientific community. Anatomical measure-

ments and phylogenetic definitions can be seen in

Supplemental material Tables 1–3. In agreement with

article 6, recommendation 6.1A, of the PhyloCode

(Cantino & De Queiroz, 2020), all clades established

under that code are italicized. For vertebral laminae and

fossae terminology, we respectively follow the nomen-

clature proposed by Wilson (1999, 2012) and Wilson

et al. (2011).

Figure 2. Site location and surface distribution maps of the studied area. A, Northern part of the Parna�ıba Tectonic Province,
showing the distribution of the Itapecuru (purple), Cod�o, and Graja�u (grey) formations and the main structural borders of the Graja�u
Basin, i.e. Tocantins (T), Xambio�a-Teresina (XT), and Ferrer-Urbano Santos (FUS) arches; based on G�oes and Roseti (2001), Santos
and Carvalho (2009), and Ferreira et al. (2021). B, Area south-east of Imperatriz highlighted in ‘A’, based on Costa Neto et al.
(2014), showing the digging site (hammer), main roads (red), water courses (blue), urban areas (hatched), and the surface distribution
of the Cod�o (light green), Graja�u (dark green), and Itapecuru (purple) formations, as well as that of Cenozoic deposits (yellow).
Abbreviations: MA, Maranh~ao state; PA, Par�a state; PI, Piau�ı state; TO, Tocantins state. Red dotted lines in ‘A’ indicate state
limits.
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Anatomical indices employed here are a follows:

average elongation index (aEI) ¼ anteroposterior length

of the centrum (excluding the posterior condyle) divided

by a mean of its lateromedial width and the dorsoventral

height of its posterior articular surface (sensu Chure

et al., 2010); eccentricity index (EI) ¼ long bone medio-

lateral width divided by its anteroposterior width at mid-

shaft (sensu Wilson & Carrano, 1999); robustness index

(RI) ¼ maximum proximodistal length of a limb elem-

ent divided by the mean of its greatest lateromedial

widths measured at the proximal end, mid-shaft and dis-

tal end (sensu Wilson & Upchurch, 2003).

To estimate the body size of the new sauropod, we

performed a linear regression analysis in R environment

(R Core Team, 2022; Supplemental material file 1), cor-

relating the estimated total body lengths of the excep-

tionally well-preserved titanosaurs Rapetosaurus krausei

(Curry-Rogers & Forster, 2001) and Dreadnoughtus

schrani (Lacovara et al., 2014) with the maximal length

(measured along its proximodistal axis) of the preserved

femur of CPHNAM VT 1600, based on the corre-

sponding measurement of the same element in those

titanosaurs.

The phylogenetic position of the new sauropod was

evaluated based on the dataset of Mocho et al. (2023),

originally adapted from that of Poropat et al. (2023). As

in those analyses, multistate characters (11, 14, 15, 27,

40, 51, 104, 122, 147, 148, 195, 205, 259, 297, 426,

435, 472 and 510) were treated as ordered and eight

operational taxonomic units (OTUs) were excluded a

priori (i.e. Astrophocaudia slaughteri, Australodocus

bohetii, Brontomerus mcintoshi, Fukuititan nipponensis,

Fusuisaurus zhaoi, Liubangosaurus hei, Malarguesaurus

florenciae and Mongolosaurus haplodon). The new

taxon was added to the Mocho et al. (2023) matrix,

with its character scores listed in Supplemental material

file 4 (available through OSF = The Open Science

Framework; Godoy, 2025), and two further OTUs,

‘Garumbatitan holotype’ and ‘Garumbatitan paratype’,

were excluded, because they are already represented in

the dataset by the ‘Garumbatitan morellensis’ OTU. In

addition, based on comparative information, two new

characters (chars. 557 and 558) were introduced. The

first applies to a complex of three anteroposteriorly

elongated ridges seen on the pedicels of the middle and

posterior caudal vertebrae, scored as absent (0) or pre-

sent (1). Note that these ridges are osteological corre-

lates of epaxial and hypaxial muscle insertions, which

may vary in development within the caudal series. Also,

they might not be described, or not described in detail,

for many taxa, so their absence cannot easily be con-

firmed based on the literature. Likewise, these muscle

insertions might occur with different shapes (e.g. ridges,

protuberances, rugosities). The second added character

corresponds to the lateral expansion of the lateral bulge

of the femur in anterior/posterior views (Mocho et al.,

2023, fig. 25; Salgado et al., 1997), scored as less than

(0), equal to, or more than (1) 40% the minimal trans-

verse width of the shaft. The scores of those two charac-

ters for the entire set of OTUs can also be seen in

source data file 5, which is available through OSF

(Godoy, 2025). The final data matrix includes 558 char-

acters and 119 OTUs – out of the original 128 OTUs of

Mocho et al. (2023) – and is available through OSF

(source data files 2–3 Godoy, 2025). The dataset was

analysed using TNT 1.5 (Goloboff & Catalano, 2016),

with Shunosaurus as the operational outgroup. We fol-

lowed the search protocol of Poropat et al. (2021,

2023). A first analysis was conducted selecting the

option ‘Stabilize Consensus’ of the ‘New Technology

Search’, incorporating sectorial searches, ratchet, drift

and tree fusing, with the consensus stabilized five times

and all other search parameters kept as default. It is

worth mentioning that, when using this protocol, users

do not need to recalculate the consensus from all most

parsimonious trees (MPTs), since the consensus tree is

saved in TNT as the last saved tree after running a

‘stabilize consensus’ analysis, using the tree bisection &

reconnection (TBR) algorithm. The first analysis used a

reduced version of the data matrix, after excluding two

OTUs (‘Cloverly titanosauriform’ and Ruyangosaurus

giganteus), following Poropat et al. (2021). The second

analysis used the complete matrix (119 OTUs) but was

conducted with implied weighting (K-value ¼ 9).

We used the strict consensus that resulted from the

parsimony analysis with implied weighting as the phylo-

genetic framework for our biogeographical analyses. For

that, we time-calibrated this consensus topology based

on OTU age information (first and last appearances)

taken from the literature and the Paleobiology Database

(see source data file 4, available through OSF; Godoy,

2025), using the cal3 method (Bapst, 2013), and follow-

ing scripts kindly made available by Stubbs et al.

(2021). To incorporate temporal uncertainties related to

imprecise tip ages (i.e. age ranges related to the rocks in

which fossils were found), we calibrated 10 versions of

this topology (see source data file 5, available through

OSF; Godoy, 2025), each of which contained different

node ages and branch lengths. Independently for each of

the 10 trees, we also randomly resolved the polytomies

from the consensus topology, incorporating phylogenetic

uncertainty. Ideally, more time-calibrated trees should

be used for macroevolutionary analyses (Bapst, 2014;

Godoy et al., 2020), but this limited number was used

in our study because the biogeographical analyses are

very time-consuming. For the cal3 method, three

A new Early Cretaceous titanosauriform 5

https://doi.org/10.1080/14772019.2025.2601579
https://doi.org/10.1080/14772019.2025.2601579
https://doi.org/10.1080/14772019.2025.2601579


different rates are needed: sampling, branching (or spe-

ciation/origination) and extinction rates. The branching

and extinction rates (which we assumed to be the same,

following Bapst & Hopkins, 2017) were obtained with

the Rate2sProb function from the R package paleotree

(Bapst, 2012), dividing them by interval length. The

sampling rate is not easily estimated for this type of

dataset (full of singletons) and was therefore randomly

drawn from a uniform distribution of previously esti-

mated rates for dinosaurs and other tetrapods (Bapst &

Hopkins, 2017; Lloyd et al., 2016). The 10 time-

calibrated trees were used for subsequent biogeograph-

ical analyses.

We ran three stratified biogeographical analyses using

the R package BioGeoBEARS (Matzke, 2013, 2014) for

each of the 10 trees. The analyses employed dispersal-

extinction cladogenesis (DEC; Ree, 2005, Ree & Smith,

2008), likelihood versions of the dispersal-vicariance

analysis (DIVALIKE; Ronquist, 1997) and BayArea

(BAYAREALIKE; Landis et al., 2013) methods. Each

of these methods assumes different models of geograph-

ical range evolution (Matzke, 2013) and their implemen-

tation in a common likelihood framework in

BioGeoBEARS enables model comparison and selec-

tion. We considered 10 geographical areas: Appalachia

(Ap), Laramidia (La), northern (nSA) and southern

(sSA) South America, northern (nAf) and southern (sAf)

Africa, Indo-Madagascar (IM), Asia (As), Europe (Eu),

and Australasia (Au). Each terminal in the tree was

scored for its known distribution and although the max-

imum observed range is 2, we determined a maximum

range size of 4 for the ancestral nodes. Stratification in

BioGeoBEARS sections the tree into defined time peri-

ods, each of which can have a different dispersal multi-

plier matrix defined. Depending on the proximity and

connectivity between the areas we set an index varying

from 0.000001 to 1. The dispersal probability between

two areas is multiplied by those matrices, enabling

palaeogeographical models to be used in such analyses.

We defined those indices by modifying the nine-step

model recently proposed by Upchurch and Chiarenza

(2024) to also include the relations between northern

and southern portions of Africa and South America. We

used the Akaike information criterion (AIC; Akaike,

1974) and second-order information criterion (AICC;

Sugiura, 1978) to select the best fitted model for each

tree. All time-calibration and biogeographical analyses

were performed in R v.4.2.2 (R Core Team, 2022); our

R code and associated files are available through OSF

as source data file 6 (Godoy, 2025).

Samples from the femur and tibia midshafts and a

rib fragment were acquired to describe the bone micro-

structure/histology. Whenever possible, samples were

collected along natural breaks; otherwise, they were

cut with a saw. The fragments were stabilized with

PaleoBONDVR PB0020, embedded into AralditeVR 2020

resin and ground to a thickness of approximately

60 lm. We analysed and photographed the thin

sections using an Olympus BX53-P polarized micro-

scope attached to an Olympus U-TV0.5XC-3 at the

Seismology Laboratory (LabSis, UFRN). We followed

Francillon-Vieillot et al. (1990) for histological

descriptions. High-resolution renders of the osteohisto-

logical sections are reposited online on Morphosource

(Aureliano, 2025).

Institutional abbreviation
CPHNAM, Centro de Pesquisa de Hist�oria Natural e

Arqueologia do Maranh~ao, S~ao Lu�ıs-MA, Brazil.

Systematic palaeontology

Sauropoda Marsh, 1878

Neosauropoda Bonaparte, 1986

Macronaria Wilson & Sereno, 1998

Titanosauriformes Salgado, Coria & Calvo, 1997

[Silva Junior et al., 2022]

Somphospondyli Wilson & Sereno, 1998 [Silva Junior

et al., 2022]

Dasosaurus gen. nov.

Type species. Dasosaurus tocantinensis sp. nov., by

monotypy.

Etymology. The generic epithet derives from the Greek

words d�aro1 (d�asos), meaning forest/copse, and

raῦqo1 (saûros), meaning lizard/saurian. This refers to

the location of the digging site within ‘Brazil’s Legal

Amazonia’, a socio-geographical division of the country

that includes most of the Amazon rainforest (Nogueira

et al., 2018), as well as to a possible origin of the name

of the state where the site is located, i.e. Maranh~ao,

which may derive from the Portuguese word

‘emaranhado’ (¼ tangled), in reference to the thick

vegetation of the area.

Diagnosis. As for the type and only known species.

Dasosaurus tocantinensis sp. nov.

(Figs 3–10, 12–15)
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Holotype. CPHNAM VT 1600, partial postcranial

remains pertaining to a single individual (Fig. 3), num-

bered as follows (in parentheses): two anterior caudal

centra (1600/1–2); two middle caudal vertebrae (1600/

3–4); one posterior caudal centrum (1600/5); four partial

anterior caudal neural arches (1600/6–9); four isolated

caudal prezygapophyses (1600/10); two isolated anterior

caudal neural spines (1600/11–12); four chevron frag-

ments (1600/13); left radius (1600/14); left ulna (1600/

15); partial right manus, including a proximal half of a

metacarpal II (1600/16), partial metacarpal III (1600/

17), and distal half of metacarpal IV (1600/18); distal

half of left pubis (1600/19); left ischium (1600/20); right

femur (1600/21); proximal ends of left tibia (1600/22)

and fibula (1600/23); distal half of right fibula (1600/

24); partial left pes, including a complete metatarsal II

(1600/25), distal half of metatarsal III (1600/26), non-

ungual pedal phalanges I.1 (1600/27), II.1 (1600/28),

II.2 (1600/29), III.1 (1600/30), and ungual phalanges I–

III (1600/31–33); several trunk rib fragments (1600/34);

and other indeterminate bone fragments (1600/35). The

femoral dimensions of CPHNAM VT 1600 are compar-

able to those of the paratype of Ga. morellensis, which

is significantly smaller than the holotype (Mocho et al.,

2023), although osteohistology data (see below) suggests

that the individual was already an adult. Based on the

classification of Gonz�alez Riga et al. (2022), with a

femoral length of at least 150 cm, D. tocantinensis falls

near the limit between medium (femur length ¼ 110–

155 cm) and large (femur length � 155 cm) bodied sau-

ropodomorphs. Indeed, the conducted regression indi-

cates a body size of about 20 m for CPHNAM VT 1600

(Supplemental material file 1), although this estimate

should be regarded as tentative, given the incomplete

preservation of its femur.

Etymology. The species name derives from Tocantins, a

major South American river, which also gives its name

to the administrative region of the Maranh~ao state where

the new fossils were collected, near the eastern banks of

the said river.

Type locality and horizon. The remains of D. tocanti-

nensis come from the municipality of Davin�opolis-MA,

near Imperatriz-MA, Brazil (coordinates: 5�33025ʺ S,

47�25052ʺ W; Fig. 2), from deposits referred to the

lower part of the Itapecuru Formation, late Aptian of the

Graja�u Basin (Ferreira et al., 2020, 2021).

Differential diagnosis. Dasosaurus tocantinensis can be

differentiated from its sister taxon Ga. morellensis based

on the following unique set of features: (1) dorsal-most

of the three neural arch ridges of the middle-posterior

caudal vertebrae placed at the level of the dorsal (rather

than the ventral) margin of the prezygapophysis and

dorsally bounding a shallower, ellipsoid costovertebral

concavity; (2) anterior caudal neural spines expanded

dorsolaterally (‘stake-like’ shaped), creating a quadran-

gular dorsal platform; (3) slenderer femur with a more

Figure 3. Dasosaurus tocantinensis gen. et sp. nov. (CPHNAM VT 1600) Diagrammatic reconstruction with scaled bone elements in
anatomical position. Preserved bone portions in white and reconstructed parts in light blue. Human silhouette ¼ 1.80 m. Scale bar ¼
1 m.
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medially curved shaft; (4) anterior surface of the femur

lacking a linea intermuscularis cranialis; (5) less devel-

oped lateral bulge on the femur, about 40% of the trans-

verse minimal width of the femoral shaft; (6) pedal

ungual phalanges I–II with a dorsolateral extensor

tubercle.

In addition, five of the autapomorphies proposed by

Mocho et al. (2023) for Ga. morellensis are also seen in

the Brazilian species (now regarded as synapomorphies

of the Ga. morellensis plus D. tocantinensis clade),

helping to differentiate it from other Titanosauriformes,

namely: (1) middle to posterior caudal vertebrae pedi-

cels covered by a complex of three anteroposteriorly

elongated ridges; (2) middle to posterior caudal verte-

brae with a depression above the ventral-most of those

three ridges; (3) femur with a well-developed lateral

bulge (40% or more of the transverse minimal width of

the femoral shaft); (4) laterally deflected and projected

proximal tip of the ventrolateral crest of metatarsal II;

(5) lateral depression near the dorsolateral ridge of the

distal end of pedal phalanx I.1. A sixth synapomorphy

of that clade, not included in the diagnosis of Ga. mor-

ellensis, consists of a sub-rectangular posterolateral pro-

cess of the tibia (Mocho et al., 2023, fig. 13A, D).

Other Ga. morellensis autapomorphies proposed by

Mocho et al. (2023) are not preserved in the Brazilian

species, so that it is unclear if they are unique to the

Spanish species or synapomorphies of their clade; these

include: (1) middle- to posterior caudal neural spines

expanded posteriorly, resulting in lateral rounded boss;

(2) metatarsals II–IV more gracile and significantly lon-

ger than metatarsals I and V; (3) reduced ungual in

pedal digit III. The third pedal ungual of the Brazilian

species is also reduced, as commonly seen among neo-

sauropods, but its comparison in length to that of meta-

tarsal III, the parameter proposed by Mocho et al.

(2023), is unfeasible because the latter bone is not fully

preserved. As for the ‘heart-shaped’ proximal outline of

phalanx II.1, another Ga. morellensis autapomorphy pro-

posed by Mocho et al. (2023), this seems to be lacking

in the Brazilian species, but possibly due to taphonomic

deformation.

Osteological description and comparisons
Axial skeleton. Trunk ribs. Several trunk rib frag-

ments (CPHNAM VT 1600/34) were recovered (Fig. 4).

They correspond primarily to mid-shaft and distal por-

tions, preserving no meaningful morphology. Their

cross-sections vary from sub-rounded to mediolaterally

flattened (Fig. 4I), indicating origins from different

regions of the trunk series. Among these fragments,

some correspond to poorly preserved proximal portions,

but lacking most of the capitulum and tuberculum (Fig.

4A–H). They have a crescentic profile in cross-section

(Fig. 4J) and the development of an incipient pneumato-

coel. However, internal pneumatopores are absent

(Fig. 4G).

Caudal vertebrae. These comprise relatively well-

preserved vertebral elements, lacking parts of the neural

arches, all of which share similar anatomical features

and overall morphology. Serial variation in caudal verte-

brae was determined following the criteria of Mannion

et al. (2013): (1) anterior caudal vertebrae bear ribs,

even if reduced; (2) middle caudal vertebrae lack ribs,

but retain distinct neural spines and postzygapophyses;

(3) posterior caudal vertebrae lack distinct neural spines

and postzygapophyses in the neural arches; (4) the

posterior-most caudal vertebrae lack well-developed

neural arches. Additional comparisons to determine ver-

tebral positions were conducted with macronarians that

preserve more complete caudal series, such as

Camarasaurus lentus (Gilmore, 1925) and Ruixinia

zhangi (Mo et al., 2023). Based on such comparisons,

the described vertebral remains correspond to two centra

(CPNHAM VT 1600/1 and 1600/2; Fig. 5A, B), respect-

ively placed more anteriorly and posteriorly along the

anterior part of the tail, two complete vertebrae from the

middle part of the series (CPNHAM VT 1600/3 and

1600/4; Fig. 5C, D), and one centrum from the posterior

portion of the tail (CPNHAM VT 1600/5; Fig. 5E). In

addition, several fragmentary remains from other parts

of the tail are also present, such as isolated neural spine

and chevron portions (CPNHAM VT 1600/6–13; Fig 6).

The former elements match in morphology and propor-

tions those of the more completely preserved tail verte-

brae and were also attributed to this part of the vertebral

column for their nearby association to those elements.

Except for the anterior-most centra, which are amphi-

platyan, the remaining centra are amphicoelous, display-

ing well-concave anterior and posterior articular

surfaces, as seen in Ga. morellensis (Mocho et al.,

2023, fig. 7G). This differs from the less concave surfa-

ces present in Tastavinsaurus sanzi (Canudo et al.,

2008, fig. 8), as well as from those of Paluxysaurus

jonesi (Rose, 2007, fig. 16) and Sauroposeidon proteles

(D’Emic, 2012, fig. 3.9), which bear a lateromedially

elongated concavity on their mid-ventral portions.

Dasosaurus tocantinensis also differs from well-known

South American somphospondyls, such as

Chubutisaurus insignis and Ligabuesaurus leanzai, the

anterior caudal centra of which are platycoelous and

shorter in the anteroposterior axis (Bellardini et al.,

2022; Carballido et al., 2011). Furthermore, the verte-

brae of D. tocantinensis also lack foramina or blind fos-

sae on the lateral surfaces, as well as knobs on the

posterior articular facets, conditions shared with Ga.
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morellensis (SAV05-060va, Mocho et al., 2023, fig. 6D)

and T. sanzi (Canudo et al., 2008, fig. 8). However, it is

worth noting that this latter structure may correspond to

a pathology, commonly observed in other sauropod cau-

dal vertebrae (e.g. Cruzado-Caballero et al., 2023;

Lacerda et al., 2025).

The articular facets for the chevrons are present solely

on the posterior margin of the centra. They expand ven-

trally, face more posteriorly than ventrally, and exhibit a

triangular shape in both posterior and lateral views. The

anterior-most centrum, although corresponding to the

tallest element, is the least elongated, with an aEI of

0.6. In contrast, the centra become more elongated

towards the posterior elements, with the remaining cen-

tra exhibiting an aEI ranging from 1.1 to 1.5 (Table S1).

The lateral and ventral surfaces are slightly concave

anteroposteriorly, as more marked in the posterior-most

centrum (CPHNAM VT 1600/5).

The lateral surfaces of all vertebrae with a complete

neural arch exhibit a complex arrangement of three

ridges aligned along the dorsoventral axis for the attach-

ment of the epaxial muscles (D�ıez D�ıaz et al., 2020):

the dorsal-most at the level of the zygapophyseal base,

the middle ridge along the lower margin of the pedicel

at the neurocentral joint, and the ventral-most positioned

on the dorsal third of the centrum, following the costo-

vertebral line (Fig. 5EE). Between the latter two ridges

lies a deep, ellipsoid costovertebral fossa, which no evi-

dence of rib attachment. The dorsal-most ridge is

slightly more oblique in the anterior-most vertebra com-

pared to the more horizontal ridge of the following

element. Two of those ridges were also described in tail

vertebrae of T. sanzi (Canudo et al., 2008, fig. 8B),

which seem to correspond to the dorsal-most and

ventral-most ridges of Ga. morellensis and D.

tocantinensis.

Figure 4. Trunk rib fragments of Dasosaurus tocantinensis gen. et sp. nov. (CPHNAM VT 1600/34): proximal end of ribs in A, E,
anterolateral; B, F, medial; C, G, posteromedial and D, H, posterior views; I, some shaft distal segments; J, cross-sectional view of
proximal end. Abbreviations: co, coel; db, distal bundle; pr, posterior ridge. Scale bars ¼ 10 cm (A–I) and 2 cm (J).
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The only preserved prezygapophyses are dorsome-

dially flattened and long, almost half the centrum length,

projecting anterodorsally to surpass the anterior articular

facet of the centrum (Fig. 5T). They are connected to

one another by an incipient intraprezygapophyseal lam-

ina, which forms the ventral margin of a shallow prespi-

nal fossa, and to the centrum via the

centroprezygapophyseal laminae, which are half as later-

omedially thick as the neural canal. The prezygapophy-

seal facets are sub-rounded and dorsomedially projected.

The postzygapophyses (Fig. 5O) are short, not reaching

the posterior edge of the centrum. Their sub-rounded

articular facets face ventrolaterally, forming the medial

border of a shallow spinopostzygapophyseal fossa. The

postzygapophyses are connected to the centrum via the

centropostzygapophyseal laminae, which are gracile and

much lateromedially thinner than the neural canal.

The two isolated anterior neural spines (CPHNAM

VT 1600/11 and 1600/12) are strongly mediolaterally

expanded, giving a ‘stake’ shape in both anterior and

posterior views (Fig 6A, B). The dorsal surfaces are

almost flat and bear an incipient sagittal ridge on their

posterior portion, forming a dorsal platform for the

attachment of the supraspinal ligament (Schwarz-Wings

et al., 2009). In addition, the anterodorsal portion of the

prespinal lamina is strongly developed, forming a prom-

inent anterior projection. In lateral view, the spinoprezy-

gapophyseal and spinopostzygapophyseal laminae lie

vertically, accompanying the margins of the spine. The

postspinal lamina is stout and rough, differentiated from

the spinopostzygapophyseal laminae by slightly marked

grooves, which do not develop into a postspinal fossa.

CPHNAM VT 1600/6 corresponds to a portion of the

ventral part of an anterior caudal neural arch (Fig. 6C).

The spinoprezygapophyseal laminae extend dorsoven-

trally, bordering the prespinal fossa, the dorsal part of

which is divided into two lateral portions by the prespi-

nal lamina. CPHNAM VT 1600/7 corresponds to a par-

tial neural arch from a middle caudal vertebra, including

a portion of its right lateral surface, the neural spine,

and the postzygapophyseal articular facets (Fig. 6D).

The latter has a sub-rounded outline and leans slightly

ventrally. The posterior margin of the postzygapophyses

form the lateral border of the spinopostzygapophyseal

fossa, which is shallow, set below the dorsoventrally

extending postspinal lamina, and ventrally delimited by

an intrapostzygapophyseal lamina. The neural spine is

thin and anteroposteriorly elongated, lacking the poster-

odorsal expansion seen in Ga. morellensis (Mocho

et al., 2023, fig. 7E–J).

Chevrons. Three chevron fragments (CPHNAM VT

1600/13) were preserved. Based on the development of

their articular surfaces with the caudal vertebrae, two of

them probably correspond to anterior chevrons and one

likely represents a more posterior element, based on the

development of articular facets (Fig. 7). As in Ga. mor-

ellensis (Mocho et al., 2023, fig. 7), the haemal proc-

esses of the chevrons lack a bony crus connecting them,

differing from the condition seen in early eusauropods

and euhelopodids (Mannion, Upchurch, Jin, et al.,

2019). The articular surfaces are single and sub-

triangular, separated from the chevron body by an anter-

ior sulcus. They expand laterally, contacting their corre-

sponding vertebra posteriorly, in the same line of the

posterior articular surface. Haemal spines were not

recovered, preventing any assessment of their morph-

ology or further comparisons.

Appendicular skeleton. Forelimb. A left radius

(CPHNAM VT 1600/14; Fig. 8G–I) is preserved, lack-

ing its proximal portion. The shaft is mostly straight,

arching slightly laterally, and lateromedially com-

pressed. The proximal half (as preserved) bears a subtle

concavity in the medial surface and a small proximodis-

tally oriented crest extends along the lateral surface, as

in C. insignis (Carballido et al., 2011). The mid-shaft

cross-section is elliptical, 2.3 times broader laterome-

dially than anteroposteriorly, differing from the slen-

derer profile seen in L. leanzai (Bellardini et al., 2022).

The anterior surface of the proximal portion bears a

proximodistally elongated depression, whereas the pos-

terior is mainly flat. The distal surface seems convex,

with a slightly bevelled lateral portion. The distal out-

line is somewhat trapezoidal, with the posterior margin

forming a right angle with the straight lateral margin.

On the contrary, the distal outline of the radius is sub-

triangular in some Titanosauriformes, and slightly

expanded compared to the shaft, as seen in T. sanzi

(Royo-Torres et al., 2012), Cedarosaurus weiskopfae

(Tidwell et al., 1999), and L. leanzai (Bellardini et al.,

2022).

The preserved left ulna (CPHNAM VT 1600/15; Fig.

8A–F) bears a subtle olecranon process, which projects

proximal to the main articular surface. The proximal

outline is triradiate, with the anteromedial process host-

ing a slightly concave humeral articular surface and the

anteromedial process sloping distally away from the

olecranon in lateral view. The preserved shaft is sub-

triangular in cross-section and is laterally straight. As in

other Titanosauriformes, the posterior ridge is well

marked, extending distally from about the estimated

mid-length of the bone (Carballido et al., 2011).

The partial right manus includes the proximal half of

metacarpal II (CPHNAM VT 1600/16; Fig. 8J–M), a

partial metacarpal III (CPHNAM VT 1600/17; Fig. 8N–

Q), and the distal half of metacarpal IV (CPHNAM VT

1600/18; Fig. 8R–U). The proximal outline of
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Figure 5. Caudal vertebrae of Dasosaurus tocantinensis gen. et sp. nov. (CPHNAM VT 1600): A–F, more anteriorly placed anterior
caudal centrum (CPHNAM VT 1600/1); G–L, more posteriorly placed anterior caudal centrum (CPHNAM VT 1600/2); M–R,
middle caudal vertebra (CPHNAM VT 1600/3); S–X, middle to posterior caudal vertebra (CPHNAM VT 1600/4); Y–DD, posterior
caudal centrum (CPHNAM VT 1600/5); EE, schematic models of the most complete caudal elements, indicating the three lateral
ridges. Vertebrae in anterior (A, G, M, S, Y), left lateral (B, H, N, T, Z), posterior (C, I, O, U, AA), right lateral (D, J, P, V, BB),
dorsal (E, K, Q, W, CC), and ventral (F, L, R, X, DD) views. Abbreviations: as, articular surface; chf, chevron facet; cvc,
costovertebral concavity; nap, neural arch pedicel; nc, neural canal; ns, neural spine; poz, postzygapophysis; prz, prezygapophysis;
rd, ridge; SPRL, spinoprezygapophyseal amina; tp, transverse process. Scale bar ¼ 10 cm.

Figure 6. Additional caudal remains of Dasosaurus tocantinensis gen. et sp. nov. (CPHNAM VT 1600): A–J, isolated anterior
caudal neural spines: A–E, CPHNAM VT 1600/11; F–J, CPHNAM VT 1600/12; K–O, partial anterior caudal neural arch
(CPHNAM VT 1600/06); P–T, partial middle caudal neural arch (CPHNAM VT 1600/07); in anterior (A, F, K, P), right lateral (B,
G, L, Q), posterior (C, H, M, R), left lateral (D, I, N, S), and dorsal (E, J, O, T) views. Abbreviations: adp, anterodorsal projection;
CPOL, centropostzygapophyseal lamina; CPRL, centroprezygapophyseal lamina; dle, dorsolateral expansion; lrd, lateral ridge; nc,
neural canal; ns, neural spine; POSF, postspinal fossa; POSL, postspinal lamina; poz, postzygapophysis; PRSF, prespinal fossa;
PRSL, prespinal lamina; sgr, sagittal ridge; SPRL, spinoprezygapophyseal lamina. Scale bar ¼ 5 cm.
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metacarpal II is ellipsoid, as in several other neosauro-

pods (Apestegu�ıa, 2005), with a convex lateral margin

and a straight medial one. The articular surface has a

rough texture and is slightly inclined anteroventrally in

lateral view. As in most neosauropods, the shaft of

metacarpal II is nearly straight in lateral/medial views,

but subtly inclined anteromedially, differing from the

more bowed condition seen in L. leanzai (Bonaparte

et al., 2006) and from the trapezoidal distal outline of

C. insignis (Apestegu�ıa, 2005).

Metacarpal III preserves its proximal and distal ends,

both of which have a rough texture. The articular sur-

face is sub-triangular in proximal outline, with nearly

straight margins, and slightly convex in lateral view due

to a low proximal bowing. Its shaft has convex anterior

and medial margins, whereas the posterior and lateral

ones are slightly concave. In contrast, metacarpal III of

L. leanzai is proportionally slenderer and bears a more

robust posterior longitudinal crest (Bonaparte et al.,

2006), whereas C. insignis has overall more robust

metacarpals.

Metacarpal IV has a nearly trapezoidal distal outline,

with a convex lateral margin. The medial margin is

straight and rough proximally, accommodating the

articulation for metacarpal V. In posterior view, a low

intercondylar groove separates the rounded medial half

of the distal surface from the more prominent lateral

half, as also seen in Venenosaurus dicrocei (Tidwell

et al., 2001) and G. brancai (Janensch, 1961). Unlike in

D. tocantinensis, the metacarpals of C. insignis are slen-

derer and more elongate, with sub-rectangular distal out-

lines composed of more symmetrical medial and lateral

condyles (Carballido et al., 2011). The metacarpals of L.

leanzai are proximodistally shorter and more robust,

with expanded distal ends and more evenly convex dis-

tal articular surfaces (Bonaparte et al., 2006), lacking

the more pronounced intercondylar groove and lateral-

medial disparity seen in D. tocantinensis.

Pelvic girdle and hind limb. Two portions of the

left pubis were recovered: the iliac peduncle and the dis-

tal part of the shaft (CPHNAM VT 1600/19). The

Figure 7. Chevron fragments of Dasosaurus tocantinensis gen. et sp. nov. (CPHNAM VT 1600/13): A–D, left haemal process of
anterior chevron; E–H, right haemal process of anterior to middle chevron; I–L, left haemal process of posterior chevron.
Abbreviations: af, anterior furrow; as, articular surface; le, lateral expansion; me, medial expansion; tb, tuberosity. Scale bar
¼ 5 cm.
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former expands lateromedially towards the proximal

articulation with the ilium, which is mildly concave

(Fig. 9A), as in L. leanzai (Bellardini et al., 2022, fig.

22B–G). Little of the apron was preserved, precluding

an accurate identification of the pubic foramen. The pre-

served part of the shaft is transversely compressed. It

expands anteroposteriorly towards the distal end,

forming a somewhat sub-triangular lateral/medial outline

(Fig. 9B). The distal end also expands lateromedially, so

that the distal outline is flat medially and convex lat-

erally (Fig. 9C). The distal surface is rugose and slight

convex in lateral/medial views.

The partial left ischium (CPHNAM VT 1600/20)

lacks part of the iliac peduncle and most of the ischiadic

Figure 9. Pelvic girdle elements of Dasosaurus tocantinensis gen. et sp. nov. (CPHNAM VT 1600): A, proximal and B, C, distal
ends of a left pubis (CPHNAM VT 1600/19) in A, anterior, B, lateral and C, distal views; D–F, partial left ischium (CPHNAM VT
1600/20) in D, posterior, E, posterolateral and F, anterior views. Abbreviations: il, ilium; ilp, iliac peduncle; isp, ischiadic process;
pbp, pubic peduncle. Scale bar ¼ 10 cm.

3

Figure 8. Forelimb elements of Dasosaurus tocantinensis gen. et sp. nov. (CPHNAM VT 1600): A–C, proximal end of left ulna
(CPHNAM VT 1600/15) in A, dorsal, B, medial and C, lateral views; D–F, distal half of left ulna (CPHNAM VT 1600/15) in D,
medial, E, anterior, and F, lateral views; G–I, partial left radius (CPHNAM VT 1600/14) in G, lateral, H, medial and I, distal views;
J–M, proximal end of right metacarpal II (CPHNAM VT 1600/16) in J, anterior, K, medial, L, posterior and M, lateral views; N–Q,
distal end of right metacarpal III (CPHNAM VT 1600/17) in N, anterior, O, medial, P, posterior, and Q, lateral views; R–U, distal
end of right metacarpal IV (CPHNAM VT 1600/18) in R, anterior S, medial, T, posterior and U, lateral views; right manus in V,
proximal and W, distal views. Dotted lines represent non-preserved elements. Digit count shown in roman numerals. Abbreviations:
alp, anterolateral process; amc, articulation with metacarpal; amp, anteromedial process; ecu, M. extensor carpi ulnaris insertion
point; ior, interosseous ridge; lrd, lateral ridge; ol, olecranum process; phf, phalangeal facet; prq, M. pronator quadratus insertion
point; pvk, posteroventrally projected knob; raf, radial fossa; ulf, ulnar fossa. Scale bars ¼ 15 cm (A–I) and 10 cm (J–W).
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process (Fig. 9D–F). The bone has an overall elongated

shaft, as in C. insignis (Carballido et al., 2011, fig 13).

The acetabular margin is slightly concave, although it is

not well preserved. A plate-like bone is placed dorsal to

the acetabular margin, creating a concave, anteroposter-

iorly broad surface, which probably corresponds to part

of the ilium. The articulation with the pubis projects

anteroventrally, as a narrow and elongated lip, unlike

that of Triunfosaurus leonardii (Carvalho et al., 2017).

The iliac peduncle projects dorsally with a rough articu-

lar surface, indicating firm contact with the ilium. The

medial surface of the bone shows a short and thick sym-

physis, perpendicular to the long axis of the distal end

of the shaft.

The preserved right femur (CPHNAM VT 1600/21;

Fig. 10) lacks most of its distal end. In anterior/posterior

views, the head is medially expanded and more proxim-

ally projected than the lateral corner of the proximal

margin (i.e. the greater trochanter). The lateral-most por-

tion of the femoral head is not as distally deflected as in

P. jonesi and T. sanzi (Rose, 2007, fig. 27; Canudo

et al., 2008, fig. 13), best resembling the morphology

seen in Ga. morellensis (Mocho et al., 2022, fig. 12).

Yet, the femur of D. tocantinensis is less eccentric (EI

¼ 2.6) and robust (RI ¼ 4.2) than that of the Spanish

taxon (EI ¼ 2.7–3.1; RI ¼ 3.6–3.8; Mocho et al., 2023,

table S4), although not as slender as that of L. leanzai

(RI ¼ 7.3). The shaft is anteroposteriorly compressed,

with an elliptical cross-section c. 1.6 times broader later-

omedially than anteroposteriorly and a concavity extend-

ing proximodistally along the proximal third of its

posterior surface. The lateral bulge expands laterally

from the proximal third of the bone (Fig. 10A, B), cor-

responding to 40% or more of its narrowest transverse

width, as also seen in Ga. morellensis, Neuquensaurus

australis and Lirainosaurus astibiae (Mocho et al.,

2022; Salgado et al., 1997; Fig. 11). The fourth trochan-

ter is placed posteromedially on the proximal half of the

shaft, appearing as a thin ridge with a slight posterior

inclination. It extends beyond the distal margin of the

lateral bulge, differing from the condition in Ga. morel-

lensis (Mocho et al., 2023), the trochanter of which is

aligned with the distal margin of that bulge. The anterior

surface of the femur lacks a linea intermuscularis crania-

lis, as seen in Ga. morellensis (Mocho et al., 2023).

Due to poor preservation on the posterior surface, the

presence of a trochanteric shelf, as seen in this later

taxon, could not be assessed.

The preserved proximal half of a left tibia (CPHNAM

VT 1600/22; Fig. 10C–G) reveals a highly anteroposter-

iorly expanded proximal end. Its proximal outline is

ovoid, as in some specimens of Ga. morellensis (Mocho

et al., 2023, fig. 14I), but not as lateromedially

compressed as in S. proteles and P. jonesi (D’Emic,

2012, fig. 3.14; Rose, 2007, fig. 28). It is also not sub-

squared, as in the paratypic specimen of Ga. morellensis

(Mocho et al., 2023, fig. 14), as well as in Lusotitan

atalaiensis (Mannion et al., 2013, fig. 17) and T. sanzi

(Canudo et al., 2008, fig. 14). In proximal view, the

cnemial crest projects anterolaterally and is laterally

bound by a narrow cnemial fossa. Lateral to that, a

bulge expands slightly distally along the lateral surface

for the articulation for the fibula. Its proximal surface

bears a subtle anterior projection, which seems to cor-

respond to an accessory cnemial crest (the ‘second cne-

mial crest’ of Bonaparte et al., 2000). As in Ga.

morellensis, a posteromedial prominence is present, but

more developed than in that species. In lateral/medial

views, the cnemial crest is sub-triangular, with a pointed

tip like that of T. sanzi, as opposed to the rounded con-

tours seen in most other somphospondyls (Canudo

et al., 2008, fig. 14). The tibia has a relatively slender

shaft, with a strongly lateromedially compressed prox-

imal end, as in C. insignis (Carballido et al., 2011), but

with a more anteroposteriorly expanded and prominent

cnemial crest. The tibia of L. leanzai is more robust and

proportionally shorter than that of the new species

(Bellardini et al., 2022), with a mediolaterally broader

proximal outline and a mainly anteriorly, rather than

anterolaterally projecting cnemial crest. The shaft has a

sub-circular cross-section at its preserved distal end,

with the medial surface presenting a proximodistally

elongated groove. The bone bears a poorly preserved

lateral trochanter, expanding from its posterolateral

surface.

Preserved fibular portions include the proximal end of

the left element (CPHNAM VT 1600/23; Fig. 10H–L)

and the distal half of the right one (CPHNAM VT1600/

24; Fig. 10M–P). The bone is more compressed than

that of Ga. morellensis, but mainly straight as in the

Spanish taxon, lacking the pronounced sigmoid shape

seen in late diverging somphospondyls. As preserved,

the proximal outline of the fibula is elliptical, with an

anteroposterior long axis. A prominent, sub-triangular

tuberosity is present laterally on the proximal surface

but detached from the lateral trochanter (Fig. 10I, J).

Unfortunately, the incompleteness of the specimen pre-

vents the identification of the crest close to the lateral

trochanter seen in Ga. morellensis (Mocho et al., 2023,

fig. 15). Additionally, its anterior and posterior margins

respectively bear a scar for M. popliteus and the inser-

tion point of M. flexor digitorum longus (Voegele et al.,

2020). As in Ga. morellensis, the preserved portion of

the shaft is nearly straight anteriorly and slightly convex

posteriorly. The tibial articulation is concave and delim-

ited by an interosseous ridge, whereas the distal portion
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is marked by the presence of a medial lip for the calca-

neal articulation. In C. insignis, the fibula is also

straight, but proportionally more gracile, with a less

prominent lateral tuberosity (Carballido et al., 2011),

whereas it is relatively stouter in L. leanzai, with a sub-

rectangular proximal outline (Bellardini et al., 2022),

both differing from the morphology seen in the new

species.

The pedal elements (Fig. 12) were identified based

upon comparisons with an array of complete, articulated

pedes, including those of Epachthosaurus sciuttoi

(Mart�ınez et al., 2004), Gobititan shenzhouensis (You

et al., 2003), the ‘La Invernada’ titanosaur (Gonz�alez

Riga et al., 2008), and Ga. morellensis (Mocho et al.,

2023), allowing their assignment to a left pes with a

possible 2-3-3-2?-2? phalangeal formula. Metatarsal II

(CPHNAM VT 1600/25; Fig. 12A–F) has a laterome-

dially expanded proximal end, whereas the shaft is slen-

der, with concave lateral and medial margins. Both

proximal and distal ends are deflected in respect to the

long axis of the shaft: the proximal one turns medially

and the distal one laterally. The ventral surface has a

rounded ridge extending distally from the medial portion

of the proximal articulation. This medially borders a

concave area where metatarsal III would articulate. Its

distal end, as well as that of metatarsal III (CPHNAM

3

Figure 10. Hind limb elements of Dasosaurus tocantinensis gen. et sp. nov. (CPHNAM VT 1600): A, B, right femur (CPHNAM
VT 1600/21) in A, anterior and B, posterior views; C–G, proximal end of left tibia (CPHNAM VT 1600/22) in C, proximal, D,
lateral, E, anterior, F, medial and G, posterior views; H–L, proximal end of left fibula (CPHNAM VT 1600/23) in H, proximal, I,
lateral, J, anterior, K, medial and L, posterior views; M–P, distal half of right fibula (CPHNAM VT 1600/24) in M, lateral, N,
anterior, O, medial and P, posterior views. Abbreviations: acc, accessory cnemial crest; cc, cnemial crest; cp, cartilage pits; fdl, M.
flexor digitorum longus insertion point; fh, femoral head; ft, fourth trochanter; gt, greater trochanter; ior, interosseous ridge; lb,
lateral bulge; ltr, lateral trochanter ridge; mli, medial lip; pmp, posteromedial prominence; pop, M. popliteus insertion point; tb,
tuberosity; tia, tibial articular surface. Scale bars ¼ 15 cm (A–G) and 10 cm (H–P).

Figure 11. Anterior/posterior outlines of selected titanosauriform femora (not at the same scale), in which the lateral bulge
corresponds to 40% or more of the minimal transverse width of the shaft (after Mannion et al., 2013; Mocho et al., 2022; Salgado
et al., 1997).
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VT-1600/26; Fig. 12G–K), is also lateromedially

expanded, forming the ginglymoid facet, which is more

strongly concave between the condyles in CPHNAM

VT 1600/25 than in CPHNAM VT-1600/26. The medial

and lateral condyles are composed of two small poster-

iorly projecting knobs, differing from the nearly flat dis-

tal surface present in L. leanzai (Bellardini et al., 2022,

fig. 26).

All preserved phalanges were identified as pedal ele-

ments, i.e. I-1 (CPHNAM VT 1600/27; Fig. 12L–Q), II-

1 (CPHNAM VT 1600/28; Fig. 12R–W), II-2

(CPHNAM VT 1600/29; Fig. 12X–CC), and III-1

(CPHNAM VT 1600/30; Fig. 12DD–II), as well as

ungual phalanges I–III (CPHNAM VT 1600/31–33; Fig.

12JJ–AAA). They have slightly concave proximal and

convex distal surfaces and sub-rectangular outlines in

dorsal/plantar views, with concave lateral and medial

margins. In the plantar surface, both non-ungual pha-

langes have a strong medial projection of the proximo-

ventral margins (Fig. 12), more accentuated than those

observed in Ga. morellensis (Mocho et al., 2023, fig.

20). As also seen in the metatarsals, the distal end of

the non-ungual phalanges are lateromedially expanded,

forming the ginglymoid facets that are strongly concave

3

Figure 12. Left pes of Dasosaurus tocantinensis gen. et sp. nov. (CPHNAM VT 1600): A–F, metatarsal II (CPHNAM VT 1600/25);
G–K, partial metatarsal III (CPHNAM VT 1600/26); L–Q, pedal phalanx I-1 (CPHNAM VT 1600/27); R–W, pedal phalanx II-1
(CPHNAM VT 1600/28); X–CC, pedal phalanx II-2 (CPHNAM VT 1600/29); DD–II, pedal phalanx III-1 (CPHNAM VT 1600/30);
JJ–OO, ungual I (CPHNAM VT 1600/31); PP–UU, ungual II (CPHNAM VT 1600/32); VV–AAA, ungual III (CPHNAM VT 1600/
33). From left to right: dorsal, medial, ventral, lateral, proximal, and distal views. Abbreviations: amt, articulation with metatarsal;
cg, collateral groove; etb, extensor tubercle; fs, flexor surface; ftb, flexor tubercle; icg, intercondylar groove; lc, lateral condyle; mc,
medial condyle; nt, notch; plh, posterolateral hook; ppj, proximal projection; pvh, posteroventral heel. Scale bar ¼ 10 cm.

Figure 13. Femur histology of Dasosaurus tocantinensis gen. et sp. nov. (CPHNAM VT 1600/34). A, midshaft cross-section of the
medial portion showing areas detailed in B–E; B, C, EFS in the subperiosteal surface; D, E, extensive secondary remodelling on the
outer cortex, with at least three generations of secondary osteons (D), each containing several centripetal layers (E). Normal
transmitted (A) and polarized light with parallel (D) and crossed nicols with (B, E) and without (C) lambda compensator.
Abbreviations: DIA, diagenetic artefacts; EFS, external fundamental system; SO, secondary osteons. Scale bars ¼ 10mm (A), 200
lm (B, C) and 100 lm (D, E).
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between the condyles, particularly in II-1 and III-1,

where second phalanges (II-2 and III-2) articulate.

The ungual phalanges are robust and sickle-shaped.

Their plantar surfaces are broader than in Ga. morellen-

sis, so that the proximal outlines are sub-triangular to

elliptical. The first and second ungual phalanges are

subequal in length, whereas the third is about two-thirds

of their lengths. Their external surfaces are heavily

sculptured, whereas the lateral grooves are incipient. All

ungual phalanges bear a marked tuberosity in their

dorsolateral surface, which extends ventrally along the

lateroventral side of the bone. These are interpreted here

as extensor tubercles, representing a putative autapomor-

phy of D. tocantinensis. The flexor tubercles are robust,

especially at their lateral portions, and occupy most of

the proximal portion of the ventral surface of the bones.

Osteohistology
The histology of the femur shows intense secondary

remodelling (Fig. 13B, C), with at least three

generations of Harversian osteons (Fig. 13D), each con-

taining three or more centripetal layers (Fig. 13E). In

the outer cortex, LAGs are completely obscured by

remodelling, a condition common among somphospond-

yls, especially titanosaurs (see discussion below).

Nevertheless, the subperiosteal surface exhibits the char-

acteristic organization of an external fundamental system

(EFS): a thick, avascular superficial layer with anomal-

ous birefringence when compared with the outer cortex

(Fig. 13B, C). The histology of the tibia (Fig. 14) also

preserves an EFS (Fig. 14B–D) and shows intense sec-

ondary remodelling (Fig. 14B–F). Unlike the femur

microstructure, primary tissue is still preserved in some

areas (laminar vascularization; Fig. 14E, F), comprising

laminar vascularization with sparse primary osteons. In

these areas, osteocyte lacunae seem disorganized in con-

trast of the centripetal pattern seen in the Harversian

osteons. Only two generations of Harversian osteons are

preserved, with up to five centripetal layers. The thin

section of the rib (Fig. 15) shows no EFS and a consid-

erable amount of subperiosteal lamellar tissue containing

Figure 14. Tibia histology of Dasosaurus tocantinensis gen. et sp. nov. (CPHNAM VT 1600/34). A, midshaft cross-section showing
the areas detailed in B–F; B–D, photomicrographs showing an EFS in the periosteum; E, F, secondary osteons over the remaining
primary tissue, including laminar vascularization. Normal transmitted (A) and polarized light with parallel (B) and crossed nicols
with lambda compensator (C–F). Abbreviations: DIA, diagenetic artefacts; EFS, external fundamental system; LAM, laminar
vascularization; SO, secondary osteons. Scale bars ¼ 10mm (A), 200lm (B–F).
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abundant Sharpey’s fibres in the outer cortex (Fig. 15B–

D). The cortex shows intense secondary remodelling

(Fig. 15E). There is no pyrophosphate biomineralization

over the subperiosteal surface of the femur, tibia, or rib.

The intense secondary remodelling in the femur and

tibia, plus the presence of EFS on both suggests that the

individual was an adult at time of death (Francillon-

Viellot et al., 1990). The several generations of second-

ary osteons and many circumferential centripetal layers

on each osteon suggest a mature ontogenetic status, but

the absence of pyrophosphate biomineralization discards

a senile condition (Słowiak et al., 2021).

Phylogenetic and biogeographic results

The equal weights analysis found 232 MPTs of 2.713

steps (source data file 7 available through OSF; Godoy,

2025). It is worth mentioning that, given the nature of

the search protocol, the number of MPTs can vary

depending on the iteration. For this analysis, we expect

the number of obtained MPTs to vary between 200 and

300. The consensus of the 232 MPTs (see Supplemental

material) shows a polytomy around Titanosauriformes,

including Europasaurus holgeri, Galvesaurus herreroi,

brachiosaurids and somphospondyls. The latter group is

also composed of a polytomy, including the Ga.

morellensis plus D. tocantinensis clade, among many

other taxa and clades, the larger of which broadly corre-

sponds to Titanosauria.

The implied weighting analysis yielded 59 MPTs of

‘141.21333’ steps (see source data file 8, available

through OSF; Godoy, 2025). Again, the number of

MPTs can vary depending on the iteration, but we

expect a number between 50 and 70. The consensus

(Fig. 16; Supplemental material) is better resolved in

comparison to the equal weights analysis, showing

Huanghetitan liujiaxiaensis as the earliest-branching

somphospondyl, instead of Dongbeititan dongi as in

Mocho et al. (2023). Also, unlike Mocho et al. (2023),

the next clade does not include a dichotomy between

Ga. morellensis and the bulk of somphospondyls, but a

polytomy with Angolatitan adamastor, Do. dongi,

Wintonotitan wattsi, and two clades, one formed by

Padillasaurus leivaensis plus C. insignis, and another by

the other somphospondyls. This latter includes four suc-

cessive branches, i.e. a polytomy with P. jonesi, S. pro-

teles, and the ‘Clovery titanosauriform’ (1), L. leanzai

(2), the clade with Ga. morellensis and D. tocantinensis

(3), and T. sanzi plus Europatitan eastwoodi (4), as sis-

ter to a large monophylum including Euhelopodidae

plus Titanosauria. The euhelopodid lineage includes not

only all Euhelopodidae of Mocho et al. (2023) but also

forms placed by those authors in a clade outside of

Figure 15. Rib histology of Dasosaurus tocantinensis gen. et sp. nov. (CPHNAM VT 1600/34). A, cross-section showing the areas
detailed in B–E; B, C, photomicrographs showing Sharpey’s fibres in the periosteum; D, secondary remodelling up to the outer
cortex, where a short layer of primary lamellar bone remains in association with resorption cavities; E, inner and middle cortex areas
completely populated by secondary osteons. Normal transmitted (A) and polarized light with parallel (D), and crossed (B, C, E)
nicols with lambda compensator. Abbreviations: DIA, diagenetic artefacts; EFS, external fundamental system; LL, primary lamellar
bone; RC, resorption cavity; SF, Sharpey’s fibres; SO, secondary osteons. Scale bars in ¼ 10mm (A), 200lm (B–E).
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Euhelopodidae plus Titanosauria (i.e. G. shenzhouensis,

Erketu ellisoni and H. ruyangensis).

The dispersal and extinction rates, as well as the max-

imum likelihoods for each DEC analysis, can be found

in the ancestral state reconstruction plots (see

Supplemental material and source data file 9, available

through OSF; Godoy, 2025). All 10 time-calibrated trees

indicate an origin for Somphospondyli around the

Jurassic-Cretaceous boundary – four during the latest

Jurassic, five crossing the boundary, and one at the ear-

liest Cretaceous – and a broad ancestral range (Fig. 17),

including Europe (all trees), Asia (all trees), southern

South America (nine trees), as well as Laramidia (four

trees) and Appalachia (one tree). Within that group, the

divergence time of the lineage including Ga. morellensis

and D. tocantinensis was also set around the Jurassic–

Cretaceous boundary, but with a strong trend (eight

trees) towards the earliest Cretaceous. All analysed trees

also indicate a broad ancestral range, including Europe,

Asia and southern South America, for the clade includ-

ing the Ga. morellensis plus D. tocantinensis lineage

and its sister group (Fig. 17). As for the D. tocantinensis

plus Ga. morellensis dichotomy, its age is set between

the Valanginian and Aptian in nine of the 10 analysed

trees; the outlier corresponding to a Tithonian range.

Area reconstructions for all trees point to a European

origin (Fig. 17).

Further along Somphospondyli, the divergence time

of the clade including Euhelopodidae plus Titanosauria

was also set either at the earliest Cretaceous (seven

trees) or crossing the Jurassic–Cretaceous boundary

(three trees). An ancestral range including only Asia

and southern South America (Fig. 17) was recon-

structed for the clade in nine of the 10 analysed trees

(one tree also including Europe), with Euhelopodidae

showing an evolutionary history restricted to Asia. As

for Titanosauria, its ancestral range was reconstructed

as southern South America and Asia in all analysed

trees (Fig. 17), also including southern Africa in three

of those, along with Europe in one and Indo-

Madagascar in another. As for its time of origin (see

also Gorscak & O’Connor, 2016), nine of the trees

point towards an Early Cretaceous (Berriasian-Aptian)

range, with a Tithonian-Berriasian outlier. Within

Titanosauria, a Valanginian-Aptian origin was inferred

for Lithostrotia. Indeed, its ancestral range was recon-

structed to southern South America and southern

Africa in all analysed trees, with Indo-Madagascar

added in two of them, but Asia was also included in

all trees and Europe in half of them (Fig. 17).

Figure 16. Phylogenetic hypothesis showing the position of Dasosaurus tocantinensis gen. et sp. nov. as a non-titanosaur
Somphospondyli. Abridged version of the consensus tree found in the implied weighting analysis.
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Figure 17. Time-calibrated tree no. 9. Colour scheme: Appalachia (red), Asia (purple), Australasia (pink), Europe (dark blue),
Laramidia (orange), southern Africa (light blue), northern South America (yellow), and southern South America (green). Maps
showing ancestral areas (coloured) for selected clades: A, Somphospondyli; B, Ga. morellensis þ D. tocantinensis plus its sister-
clade; C, Ga. morellensis þ D. tocantinensis; D, TitanosauriaþEuhelopodidae; E, Titanosauria; F, Lithostrotia. 140–125 (A, C, D)
and 125–120 (B, E, F) myrs maps from Upchurch and Chiarenza (2024). Dark purple¼ ancestral areas reconstructed in all trees,
light purple¼ ancestral areas reconstructed only in some trees. Abbreviations: Al, Albian; Ap, Aptian; Ba, Barremian; Be,
Berriasian; Ca, Campanian; Ce, Cenomanian; Co, Coniacian; Ha, Hauterivian; Ma, Maastrichtian; Sa, Santonian; Tu, Turonian; Va,
Valanginian.
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Discussion

Osteohistology
Titanosauriforms bear the most metabolic-demanding

growth rates of all sauropods (Curry-Rogers & Kulik,

2018; Mitchell & Sander, 2014; Navarro et al., 2022;

Sander et al., 2006). A large G. brancai adult has exten-

sive secondary remodelling, but still shows most of the

primary vascularization, also seen in earlier neosauro-

pods and diplodocoids (Hedrick, 2012; Klein & Sander,

2008; Mitchell & Sander, 2014; Windholz & Cerda,

2021). Conversely, the histological profile of adult tita-

nosaurs shows very high rates of secondary remodelling,

completely obliterating the early life histological record,

as seen in taxa such as Alamosaurus sanjuanensis,

Ampelosaurus atacis, Ibirania parva, Magyarosaurus

dacus, and R. krausei (Curry-Rogers & Kulik, 2018;

Klein et al., 2012; Navarro et al., 2022; Stein et al.,

2010; Woodward, 2005). This succession of secondary

remodelling is intense enough to obliterate even the

EFS of most taxa (Curry-Rogers & Kulik, 2018;

Navarro et al., 2022; Stein et al., 2010).

Most sampled titanosauriforms belong to either the

phylogenetically disparate Brachiosauridae or

Titanosauria. Histological data on non-brachiosaurid and

non-titanosaur titanosauriforms is scarce, and such data-

gaps hamper the depiction of where phylogenetically,

the shift towards a higher metabolic rate occurred. The

histology pattern of D. tocantinensis is intermediate

between that of early neosauropods and titanosaurs. It

preserved the EFS and portions of primary tissue as in

the former group, as well as a high degree of secondary

osteons, as in the latter clade. Indeed, the adult D.

tocantinensis endured an extended period of slow bone

recycling with secondary osteons. Therefore, our study

suggests that the metabolic shift leading to a higher

growth rate among titanosauriforms possibly predated

the origin of Titanosauria, perhaps occurring near the

base of Somphospondyli, minimally at the common

ancestor of D. tocantinensis and titanosaurs.

A previous study demonstrated different rates of sec-

ondary remodelling in the appendicular elements of the

hadrosaur Hypacrosaurus stebingeri (Padian et al.,

2016). Those authors hypothesized that secondary

osteons might form to a greater degree in smaller bones

(e.g. ulna, tibia), rather than in larger ones (e.g.

humerus, femur). This difference in tissue profiles is the

effect of the underlying metabolic mechanisms that aid

these specific elements in achieving allometry through-

out ontogeny. Higher secondary growth rates reduce

vascularization, and consequently bone growth speed.

Padian et al. (2016) suggested this mechanism should be

present in all tetrapods and invited authors to test it in

other taxa. Yet, the pattern seen in D. tocantinensis is

quite the opposite (Figs 13–15). The femur is larger

than the tibia, but has higher secondary remodelling,

whereas the tibia still bears remnants of primary vascu-

larization. The reasons why the smaller element is still

growing at larger rates are unknown but indicate that

related patterns may be more taxon-specific than sug-

gested by Padian et al. (2016). A likewise higher growth

rate for the tibia relative to the femur has been reported

in a histovariability-controlled study of the crocodyli-

form Pissarrachampsa sera (Aureliano et al., 2025).

Notably, this pattern is best interpreted as a taxon-

specific adaptation, rather than a plesiomorphic feature

of Archosauria, as it is not mirrored in extant crocodil-

ian clades, in which the femur exhibits a slightly higher

growth rate than the tibia (Eugenia et al., 2025;

Woodward et al., 2014).

The use of ribs for skeletochronology has become

progressively more common for extinct archosaurs, in

order to avoid cutting more taxonomically informative

elements (e.g. Brum et al., 2022; Windholz & Cerda,

2021). However, histovariability-controlled studies dem-

onstrated inconsistencies between signatures present in

ribs and appendicular bones (Farias, Carlisbino, et al.,

2024; Farias, Desojo, et al., 2024; Klein et al., 2017), as

expected to occur between different bones of the skel-

eton. Both the non-preservation of EFS and the exces-

sive secondary remodelling in the sampled rib of D.

tocantinensis differ from the histological signatures of

its femur and tibia, supporting the notion that ribs alone

are not adequate for ontogenetic estimates. Broader

investigations on rib samples – with position control

along the axial series and within each element – are

necessary to show if these elements alone could be reli-

able for palaeohistology.

Biogeography
The inferred ancestral range of the clade formed by the

Ga. morellensis plus D. tocantinensis lineage and its sis-

ter group, as including most continental areas of the ear-

liest Cretaceous, fits palaeogeographical reconstructions

that show a still coherent Laurasia barely separated

from Gondwana at the time (Poropat et al., 2016;

Scotese, 2021; Upchurch & Chiarenza, 2024). As for

the D. tocantinensis plus Ga. morellensis dichotomy,

age inferences younger than the Barremian do not fit

the record of the latter taxon in that stage, so that a

Valanginian–Barremian age is more likely as the clade

origin. Further, its European origin reveals that the lin-

eage including D. tocantinensis would have dispersed

towards South America sometime between the

Valanginian and Aptian. During the Early Cretaceous,

likely connections between northern South America and
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Europe were all via northern Africa. The South America

to Africa land connection seems to have minimally

lasted until the Albian (Granot & Dyment, 2015; Krause

et al., 2019; Upchurch & Chiarenza, 2024), so that this

would not be a dispersal problem. Yet, their connection

to the European archipelago, including Iberia, was more

erratic (Csiki-Sava et al., 2015; Dal Sasso et al., 2016;

Holwerda et al., 2018), possibly suggesting an earlier

dispersal from that original area. This scenario fits

neatly with the ‘Eurogondwanan hypothesis’ of Ezcurra

and Agnol�ın (2012), in which the European archipelago

maintained a close connection to Gondwanan areas at

least until the Hauterivian, allowing biotic interchanges.

In fact, the ‘Apulian route’ (Bosellini, 2002) has been

proposed to provide a later Africa–Europe connection

during the Barremian–Aptian (Canudo et al., 2008). So,

the Europe to Africa dispersion of the D. tocantinensis

lineage could have happened via that route or perhaps

earlier, following sea-level falls of the Mediterranean-

Tethys during the Berriasian–Hauterivian (Miller et al.,

2005).

Although Euhelopodidae and Titanosauria prevail in

Asia and South America, respectively, the latter group

experienced a broader early distribution (D’Emic, 2012),

but with Lithostrotia usually considered more of a

Gondwanan clade (Carballido, Otero, et al., 2022). Yet,

Asia and Europe also appeared in some of its ancestral

range reconstructions, presumably due to the nesting of

Normanniasaurus genceyi, from the Albian of France,

and the Chinese Dongyangosaurus sinensis and

Jiangshanosaurus lixianensis, both from the Turonian-

Coniacian Jinhua Formation, in the clade. Yet, the inclu-

sion of these taxa among lithostrotians is controversial

(Averianov & Sues, 2017; Le Loeuff et al., 2013;

Mannion, Upchurch, Jin, et al., 2019); if they are not

included, a strictly Gondwanan ancestral range would

clearly be reconstructed for the group. As for other non-

Gondwanan lithostrotians such as A. sanjuanensis,

Nemegtosaurus mongoliensis and Opisthocoelicaudia

skarzynskii, these are all latest Cretaceous in age and

nested within clades with ancestral ranges reconstructed

to South America (see Supplemental material). Hence,

they most probably represent dispersal events from that

continent to Laurasian areas, following the short-term

establishment of the Panamanian Isthmus during the

Campanian (Gorscak & O’Connor, 2016; Upchurch &

Chiarenza, 2024).

Conclusions

The sauropod material unearthed from Davin�opolis

(Itapecuru Formation, Aptian), north-eastern Brazil,

shares several traits with the European somphospondyl

Ga. morellensis, but also bears differential traits sup-

porting the establishment of new species D. tocantinen-

sis. It exhibits notable histological traits, indicative of a

growth pattern intermediate between those of early

diverging titanosauriforms and highly nested titanosaurs.

The new species not only expands our knowledge about

the Early Cretaceous Titanosauriformes of northern

South America but also reinforces the biogeographical

connections between that part of the continent with

more northern areas of Gondwana, as well as the

European archipelago. In fact, numerical biogeography

analyses suggest that the Ga. morellensis plus D. tocan-

tinensis clade had a European origin, with the D. tocan-

tinensis lineage dispensing via northern Africa to South

America at some point between the Valanginian and

Aptian. This finding also highlights that further research

in the Early Cretaceous beds of north-eastern Brazil has

the potential to enhance our understanding of sauropod

evolution and palaeobiology.
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(Alcântara Formation), northeastern South America.

Journal of South American Earth Sciences, 53, 50–58.

https://doi.org/10.1016/j.jsames.2014.04.002
Mendes, M., & Borghi, L. (2004). An�alise faciol�ogica da
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da seç~ao cret�acea das bacias de Bragança-Viseu e S~ao
Lu�ıs (margem equatorial brasileira). Acta Geologica
Leopoldensia, 25, 21–39.

Pereira, P. V., Bandeira, K. L., Vidal, L. S., Ribeiro, T. B.,
Candeiro, C. R. D. A., & Bergqvist, L. P. (2024). A
new sauropod species from north-western Brazil:
biomechanics and the radiation of Titanosauria
(Sauropoda: Somphospondyli). Zoological Journal of the
Linnean Society, 202, zlae054. https://doi.org/10.1093/
zoolinnean/zlae054

Pessoa, V. C. O., & Borghi, L. (2005). An�alise faciol�ogica da
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