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ARTICLE INFO ABSTRACT

Editor: Dr. Vasileios Mavromatis Direct evidence about feeding habits and trophic levels of extinct species is scarce in the fossil record. Typically,
such information is based on geochemistry, stomach contents, anatomy, and, whenever possible, comparison

Keywords: with living counterparts. Despite the challenges involved, such reconstructions are vital for understanding the

Biomagnification structure of past ecosystems. Here, we propose a novel geochemical approach in paleontology that uses total

Mercury (Hg)
Fossil vertebrates
Bauru Group
Trophic level

mercury concentration (THg) in fossil vertebrate tissues (bones and tooth enamel) and its bioaccumulation and
biomagnification properties as geochemical indicators for the inference of feeding habits and trophic levels. Thin
section and X-ray diffractometry (XRD) revealed that THg values found in bioapatite from the diverse and well-
preserved fossil vertebrates of the Upper Cretaceous Bauru Group (Brazil) are not altered by diagenetic processes.
The results show that each vertebrate group analyzed (e.g., fishes, turtles, amphibians, crocodylomorphs, avian,
and non-avian dinosaurs) are characterized by different THg concentrations (ranging from 1.66 to 15 ng.g ™' Hg).
Notably, similar values were found in fossils of the same taxonomic group regardless of their geological unit of
origin. More importantly, taxa with different feeding habits were positioned at different trophic levels based on
the bioaccumulation and biomagnification of Hg. Reliable Hg analyses in fossils require confirming that bones
are free from diagenetic contamination that may artificially elevate their Hg concentrations.

1. Introduction from their morphology, comparisons with extant related forms (Meloro
et al., 2015), geochemical analyses of tooth and bone bioapatite, like
Except for exceptionally rare findings of stomach content (e.g. Brown carbon (e.g. Ambrose and Krigbaum, 2003; Fricke, 2007; Koch, 2007;

et al., 2020; Godoy et al., 2014; Maisey, 1994; Mulder, 2013; O’Connor Kolodny et al., 1996; Thorp and Van Der Merwe, 1987; Wang and
et al., 2011; O’Keefe et al., 2009; Xing et al., 2012), the feeding habits Cerling, 1994) and, more recently, enamel-bound nitrogen (e.g. Comans
and trophic position of fossil vertebrates can be only indirectly inferred et al., 2024; Kast et al., 2022; Liidecke et al., 2025; Moubtahij et al.,
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2024), calcium and strontium (e.g. Heuser et al., 2011; Martin et al.,
2015, 2017; Michailow et al., 2025; Weber et al., 2025), and zinc (e.g.
Bourgon et al., 2021; McCormack et al., 2022, 2025) stable isotopes.

A growing number of new isotopic techniques have been recently
proposed to analyze the trophic position of fossil vertebrates (see ex-
amples cited above). Yet, except for more recent fossil material that did
not endure significant diagenetic alteration, such studies can only be
safely performed on tooth enamel or some kinds of fish scales. This is
because they are the vertebrate biomineralized tissues with the lowest
porosity and least susceptibility to diagenetic alteration (Ambrose and
Krigbaum, 2003; Fricke, 2007; Koch, 2007; Thorp and Van Der Merwe,
1987). Thus, putative diagenetic alteration constrains the application of
stable-isotope analyses in toothless vertebrates, such as in some fish,
turtles, ichthyosaurs, and birds. Therefore, a technique for trophic po-
sition inference applicable not only to dental enamel, but also to bone
becomes an important complement to isotopic studies in fossils.

In modern ecosystems, due to its global biogeochemical cycle, mer-
cury (Hg) bioaccumulates and biomagnifies in living organisms along
the trophic chain (Atwell et al., 1998; Lavoie et al., 2013; Mason et al.,
1995; Morel et al., 1998; Selin, 2009). Therefore, the trophic hierarchy
of species sharing the same habitat can be estimated based on the
quantification of Hg (Atwell et al., 1998). Indeed, studies in Namibian
rivers, have shown that crocodiles, despite having one third of the body
mass of hippopotamuses (which are herbivores), exhibit three times
more Hg in their liver and kidneys (Almli et al., 2005). In King George
Island (Antarctica), quantitative information recovered from soil,
coastal sediments, and organisms revealed Hg biomagnification along
the trophic chain, with low values for plants, invertebrates, and fish, and
relatively high Hg concentrations in bird feathers and mammalian fur
(Santos et al., 2006).

Although it is not possible to establish a direct relation between
present-day and past atmospheric Hg levels, Hg concentrations in ma-
rine sediments can be used as a proxy, providing a minimal comparative
baseline. In this context, even though modern marine sediments exhibit
a slight increase in Hg concentration in the last decades (e.g., Aksentov
et al., 2021) and aside minor temporal fluctuations along the Phanero-
zoic, overall Hg values have remained within an approximate range of
20-150 ppb (Font et al., 2016; Jones et al., 2017; Percival et al., 2017;
Shen et al., 2020; Thibodeau et al., 2016).

The presence of Hg in sedimentary rocks has been partially related to
the formation of Large Igneous Provinces (LIPs), which affected fossil
biotas and may be linked to mass extinctions (Bergquist, 2017; Font
et al., 2016; Jones et al., 2017; Liu et al., 2025; Percival et al., 2017;
Thibodeau et al., 2016). Hence, Hg has been likely present in the envi-
ronment for millions of years, bioaccumulating and biomagnifying
through trophic webs along the Earth history, impacting distinct
paleoecosystems.

Studies show that Hg can replace Ca in different biomineralized
tissues like bones and teeth (bioapatite) and biogenetic carbonate of
mollusk shell (Avila et al., 2014; Brown et al., 2005; Jeffree et al., 1995;
Meyer et al., 2019; Yap et al., 2003, see also the Discussion section for a
more detailed explanation). This is reinforced by recent findings of Hg in
the bioapatite of crocodyliform bones from the Cretaceous of Brazil
(Cardia et al., 2018), showing higher total mercury concentration (THg)
values in fossil material compared to those of the host rocks, indicating
that the element was not incorporated to fossil bone due to diagenetic
alteration.

Here, we use this rationale to evaluate total mercury concentration in
fossil vertebrate bones and teeth as a chemical marker to infer their
feeding habits and trophic level position. As a model, we employ the
well-known Upper Cretaceous fauna of the Bauru Group, in southeastern
Brazil. The Bauru Group (Fernandes and Coimbra, 2000; Batezelli, 2017;
Tcacenco-Manzano and Fernandes, 2024) has ideal candidates for this
kind of study given its diverse vertebrate fossil record, which includes
well-preserved fishes, amphibians, testudines, crocodyliforms, di-
nosaurs (sauropods and theropods), birds, and mammals (Godoy et al.,
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2014; Bertini et al., 1993; Carvalho et al., 2004; Castro et al., 2018;
Chiappe et al., 2022; Delcourt et al., 2024; Franca and Langer, 2005;
Langer et al., 2022; Martins et al., 2024; Nava and Martinelli, 2011;
Pinheiro et al., 2023; Santos et al., 2023; Ruiz et al., 2021; Santucci and
Filippi, 2022).

2. Material and methods
2.1. Sampled material

The analyzed materials comprise various vertebrate taxa: Lep-
isosteidae (1), Anura (1), Pleurodira (3), Crocodylomorpha (Peirosaur-
idae (5), Sphagesauria (11), and Baurusuchidae (8)), Dinosauria
(Titanosauria (12), Abelisauridae (3), and Aves (1)) from different units
of the Bauru Group (Adamantina, Uberaba, Marilia, and Serra da Galga
formations). A total of 45 tissue samples were analyzed, including
ganoid scales, bones (cortex), and teeth (enamel). For bone samples,
only the cortical region was collected, avoiding the more internal,
porous areas, of spongy tissue, which are more prone to contain diage-
netic minerals.

Additionally, Avery et al. (2023) reported variations in Hg concen-
tration between different bone tissues (cortical and spongy) in archae-
ological remains of fur seals and sea lions. To minimize potential bias,
the same type of bone tissue was consistently sampled. In addition, 15
rock samples associated with some of the analyzed fossils were also
examined. For complete information on the sampled materials,
including tissue type, taxonomic affinity, locality, geological unit,
ontogenetic stage of the individual, and repository institutions see
Supplementary Information 1.

As the samples analyzed in this study were stored in different col-
lections for varying periods of time, the superficial layer of both bone
and rock specimens was removed prior to the analysis to minimize any
potential bias from modern atmospheric Hg contamination.

2.2. Thin sectioning and X-ray diffraction

To evaluate the integrity of the material analyzed in this study,
samples of scales, bones, and teeth of different taxa and Bauru Group
units were analyzed under X-ray diffraction (Fig. 1). All samples were
grounded to a fine powder and analyzed in an X-ray diffractometer
(RIGAKU Ultima IV), using 35 kV and 15 mA, at the Institute of Geo-
sciences of the University of Brasilia. The scanning protocol was set to 5/
min (velocity), 0.05 stepping with 26 varying between 2 and 80°. Dif-
fractogram analyses considered the position, width, and sharpness of the
peak in different samples of the mineralized tissues.

Furthermore, we thin sectioned different fossil tissues (croc-
odylomorph bones and eggshells) and rocks (Adamantina, Marilia, and
Serra da Galga formations) from various Bauru Group sites (Fig. 2). They
were observed under polarized light in standard thin sections, where
grain margins, birefringence, and signs of dissolution and recrystalli-
zation were evaluated. Additionally, for the fossils, the integrity of the
basic units of crocodylomorph eggshells and the bone microstructure
were also observed.

2.3. THg analysis

Tooth samples were treated with nitric acid (10 %) for 10 s, followed
by at least three separate rinses in 18.2 MQ of deionized water for 24 h.
Bone samples were equally processed, but they were not treated with
nitric acid because they are more porous and, consequently, more sen-
sitive to acid changes.

Nitric acid (HNOs) was used because it efficiently oxidizes residual
organic matter that could retain or release mercury during analysis and
dissolves adsorbed or metallic Hg from surfaces. Therefore, it minimizes
background contamination under “blank-limited” conditions and pre-
vents cross-contamination between samples, improving analytical
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Fig. 1. X-ray diffraction of different bioapatite tissues (enamel, dentine, and
bone cortex) from Adamantina and Serra da Galga formations in comparison
with hydroxyapatite JCPDS-9-432 standard. Note that different tissues from
different geological units have the same pattern, with peaks matching the
standard material. A slightly broadening of all peaks is expected under exposure
to low temperatures (~100 °C) with the formation of a CaO phase with addi-
tional planes (111), (200), and (220) (Indrani et al., 2017).

accuracy and reproducibility (Crock, 2005).

All the samples were air-dried at room temperature for 24 h and
ground to a very fine homogeneous powder with an agate mortar. This
ensured that the samples remained in contact with only amorphous
SiO9, a material with a high melting temperature that is not affected by
subsequent pyrolysis during spectrophotometric analysis.

The samples of biomineralized fossil tissues and their host sediments
were analyzed in triplicate aliquots of 200 mg each using Zeeman atomic
absorption spectrometry at the Laboratory of Analytical and
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Environmental Chemistry of the University of Brasilia. The analysis was
conducted using a Lumeman® Portable Luminescence Zeeman Analyser
RA 915+ (Lumex), being subjected to pyrolysis at temperatures ranging
from 750 to 800 °C for 60 s.

Due to the absence of reference material for THg analyses in fossil
mineralized bone, we used the SRM 1400 (bone ash) reference material
from the National Institute of Standards and Technology (NIST), USA, to
establish a preliminary analytical curve for THg concentration. The SRM
1400 is a suitable reference material because it best represents the
structure found in fossil bioapatite. As SRM 1400 is produced by high
temperature calcination, it does not contain mercury.

Before the analysis of the bone ash reference material, an analytical
curve was generated to correlate the absorbance signal with known
mercury concentrations (2, 5, 10, 20, 50, 100, and 150 ng.g_l) by
diluting a standard mercury solution of 1000 pg/ml (from Aldrich
Chemical Company Inc.). The analyses were carried out under the
following conditions: preheating time of 60 s, pyrolysis temperature set
at 800 °C (module 1), analysis interval of 60 s, and aliquot volume of
200 pl to construct the calibration curve.

Following multiple reliable sources (e.g., WHO Expert Committee on
Specifications for Pharmaceutical Preparations, 1992; Eurachem, 1998;
ISO/IEC, 1999; US-FDA, F, 2001), we tested and validated key param-
eters, including the detection limit, range, recovery, calibration curve,
linearity, and precision. The quality of measurements conducted by the
Lumex 915+ was evaluated with recovery tests on enriched SRM 1400
reference material.

For SRM 1400 enrichment, the Hg standard solution (1000 pg/ml)
from Aldrich Chemical Company Inc. was used. The accuracy of
enriched concentrations (10, 25, and 60 ng.g~') yielded a recovery
factor of 106.86 %, with a standard deviation of 4.20 for triplicate
measurements. This indicates that associated errors are not statistically
significant, ensuring reliable results without interference from other
components in the measured analyte signal; for further details, see
Cardia et al. (2018) and Supplementary Information 2.

2.4. Statistical analysis

To evaluate putative differences in THg concentrations among taxa
and tissue types (bones and teeth), linear mixed-effects models (LMMs)
were performed using the package Ime4 in R. The “full model” consid-
ered the columns TissueType and Taxon as fixed factors and SiteLocation
as a random effect to evaluate potential non-independence among
samples collected from the same geological unit. This analysis tested
whether the type of fossil tissue and the taxonomic group significantly
influenced THg values, whereas controlling for variation among sam-
pling sites (geological unit).

A second model was evaluated after excluding rock sample values to
focus exclusively on biological tissues (if THg concentration in bone and
tooth enamel differs significantly) and to assess patterns of bio-
accumulation in different taxa (see supplementary information files 3
and 4 for the data file and the script used in R, respectively). We per-
formed an additional analysis excluding three juvenile specimens (two
baurusuchids and one sphagesaurid) to evaluate the putative impact of
ontogenetic dietary shifts on THg patterns within these groups.

The fixed-effect parameter estimates exhibit substantial covariance
(see correlation matrix, Supplementary Information 5). This is expected
with reference coding (intercept = Abelisauridae bones) and uneven
sample sizes across taxa. Therefore, we used the adjusted marginal
means (emmeans) and Tukey contrasts, which better account for
parameter covariance and provide more robust pairwise comparisons
among tissue types and taxa.
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Fig. 2. Thin sections of different samples from the Bauru Group under polarized light. A-C, sandstones. D-E, fossil bone (cortex upward). A, Adamantina Formation
sandstone. Note the quartz and mica grains showing well defined margins with no signs of dissolution or recrystallization. B, Adamantina Formation sandstone with
crocodylomorph eggshell. The eggshell calcite crystals of the basic units show the original undulating extinction pattern. C, Marilia Formation (Echapora Member)
sandstone with carbonate cement. D, baurusuchid long bone from the Adamantina Formation showing the original microstructure with some annuli composed of
lamellar bone. E, magnification of the same thin section depicted in D showing osteons with the original microstructure. Abbreviations: an, annuli; cc, calcium
carbonate cement, eg, eggshell; fb, fibrolamellar bone; m, mica; ost, osteon; q, quartz. Scale bars equal 1 mm in A-D, and 0.1 mm in E.

3. Results
3.1. Fossil preservation state and diagenetic alteration

Although commonly disarticulated, vertebrate fossils from the Bauru
Group are generally well preserved. Previous studies have shown that
teeth and bone tissue preserve their original hydroxyapatite micro-
structure (e.g., cyclical growth marks, Haversian system, and primary
and secondary osteons) and that their crystallites have the expected size
(e.g. Klock et al., 2022; Oliveira et al., 2021; Ricart et al., 2021; Muniz
et al., 2025).

Fig. 1 presents X-ray diffraction patterns from various fossilized tis-
sues (scales, teeth, and bones) collected from the Bauru Group (Ada-
mantina and Serra da Galga formations), compared to the standard
reference (International Centre for Diffraction Data, Powder Diffraction
File 09-0432).

Notably, tissues such as ganoin from a lepisosteid fish scale and a
bone sample from the crocodylomorph Caipirasuchus (Adamantina
Formation), as well as dentine from Uberabasuchus terrificus and an
abelisaurid (Serra da Galga Formation), exhibit diffraction peaks
consistent with the fluorapatite standard material.

Furthermore, X-ray diffraction showed hydroxyapatite peaks with no

significant shifts, broadening, and asymmetry, indicating that the crys-
tallites were not affected by weathering or dissolution (e.g. Piga et al.,
2011; Snyder et al., 2000) as also seen in other fossil samples from Bauru
Group (e.g. Klock et al., 2022; Oliveira and Santucci, 2020; Oliveira
et al., 2021).

The slight broadening of the diffraction peaks is expected in hy-
droxyapatite crystals subjected to low-temperature heating. Laboratory
experiments with synthesized hydroxyapatite treated at different tem-
peratures demonstrate that around 100 °C, the peaks broaden slightly
and additional interference corresponding to the (111), (200), and (220)
planes are present. This is consistent with the formation of a CaO phase
with a mass fraction below 1 % (Indrani et al., 2017), which possibly
obscures the peak associated with the (112) plane of hydroxyapatite
(Fig. 1). At higher temperatures (900 °C), the peaks become sharper
again and the CaO phase disappears (Indrani et al., 2017).

Thin sections of rocks and fossils from the Bauru Group (Fig. 2)
provide additional evidence of minimal post-depositional alteration due
to diagenesis. In sandstone samples, the sand fraction is primarily
composed of unaltered primary minerals (quartz, feldspar, and micas)
with no signs of recrystallization or dissolution, and exhibiting well-
defined, regular grain boundaries. The same pattern is observed in the
silt and clay fractions.
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Whenever present, carbonate cement fills pore spaces with no signs
of interactions with the primary minerals. Additionally, all sedimentary
rock samples exhibit low or the lowest total mercury (THg) values of all
sampled materials, including those cemented with CaCOs. Calcium
carbonate is known to act as a mercury sequestrant, since mercury can
substitute for calcium in the Ca-carbonate bond as is seen in laboratory
experiments and in soil analysis (e.g., Bilinski et al., 1980; Blais et al.,
2008; Cho et al., 2021). This suggests that the rock matrix had originally
relatively low THg concentrations and did not transfer mercury to the
fossils.

Thin sections of fossil eggs and bones reveal well-preserved micro-
structures. The eggshells show clear calcite fibers with the expected size
and optical properties, such as high-order interference colors, high re-
lief, and undulating extinction patterns (Fig. 2 B). The bone micro-
structure also remains intact, with hydroxyapatite crystals of typical
size, as well as the original configuration of woven and lamellar bone,
including visible and well-defined growth lines. Primary and secondary
osteons are well-preserved, along with smaller structures like osteocyte
lacunae and their corresponding canaliculi (Fig. 2 D-E), suggesting that
the samples were not significantly affected by post-depositional diage-
netic alterations.

3.2. Hg concentrations

We analyzed a set of nearly 50 samples (fossils and rocks),
comprising lepisosteiform fishes, anurans, testudines, notosuchian
crocodyliforms, and non-avian theropod and sauropod dinosaurs, and
birds, in some instances consisting of different ontogenetic stages
(Table 1; SI'1).

Table 1
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The results consistently show higher values of THg in fossil bio-
mineralized tissues than in their host rocks (Table 1, Figs. 3-4, SI 1),
ranging from ca. 1.66 to 14.19 ng.g ™! in fossil tissues, and from 0.00 to
5.75 ng.g ! in the sediments (mostly sandstones). In fact, THg concen-
tration in rocks was uniformly low (ranging from 0.0 to 3.0 ng.g™ %),
except for Adamantina Formation samples from particular areas
(Table 1, Figs. 3-4), with values close to or slightly higher than 5.0 ng.
gl

Irrespective of the stratigraphic unit from which the fossils came,
THg concentration is remarkably similar within the same vertebrate
groups. Titanosaur fossil tissues, for example, have nearly constant and
low (~ 4.5 ng.g~1) THg values, whereas a much larger variation is seen
in their host rocks (ranging from 0.0 to 5.3, see SI 1). Baurusuchidae
crocodyliforms and abelisaurid theropods have the highest THg values
(~from 10.0 to 14.0 ng.g’l), whereas the lowest values are recorded for
titanosaurs (~ 4.5 ng.g’l).

Other crocodyliforms, such as peirosaurids (9.15 ng.g™ 1), small- and
large-sized sphagesaurids (~ 6.0 ng.g™ 1), enantiornithine birds (5.71 ng.
g™ 1), and some Testudines (5.86 ng.g~1), have intermediate THg values.
Lepisosteiform fish (3.49 ng.g™'), anurans (2.34 ng.g™ ), and some
testudines, such as Roxochelys (1.72 ng.g™1), showed the lowest THg
values among the analyzed taxa.

We found significant differences in THg concentration for some
crocodyliform (e.g., Pisarrachampsa sera, Baurusuchus, and Caipir-
asuchus), ranging from 17 % to 38 %, with adults being more enriched in
THg (Table 1, SI 1). Among adult crocodyliform taxa (Table 1), the
minimum and maximum values were respectively found for Ada-
mantinasuchus navae (~3.0 ng.g’l) and baurusuchids (~13.0 ng.g’l),
representing a difference of nearly 80 %.

Example of THg in different Bauru Group taxa and rocks. THg values are given in ng.g~'. Rock THg values were only measured when the respective fossil has at least a
small amount of matrix attached to it. Abbreviations: Adam, Adamantina Formation; Ube, Uberaba Formation; Mar, Marilia Formation; SG, Serra da Galga Formation;
SD - standard deviation. * - refers to the taxa representing direct evidence of feeding habits in Baurusuchidae found in the Adamantina Formation. The raw data is

available in SI 1.

Material Clade Type Ontogenetic state Unit (with THg values) Collecting site Mean SD

Lepisosteidae Lepisosteidae scale adult Adam. Fm. Presidente Prudente - SP 3.40 0.30
Baurubatrachus Anura bone adult Adam. Fm. (0.00) Catanduva - SP 2.34 0.03
Turtle Pleurodira bone adult Adam. Fm. (5.36) Presidente Prudente - SP 5.86 0.46
Roxochelys Pleurodira bone adult Adam. Fm. (0.98) Monte Alto - SP 1.67 0.67
Morrinhosuchus Sphagesauria bone adult Adam. Fm. Monte Alto - SP 3.18 1.47
Adamantinasuchus Sphagesauridae bone adult Adam. Fm. Marilia - SP 2.96 0.95
Mariliasuchus Sphagesauria tooth adult Adam. Fm. (2.42) Marilia - SP 5.23 0.77
Mariliasuchus Sphagesauria tooth juvenile Adam. Fm. Marilia - SP 2.71 0.69
Caipirasuchus Sphagesauridae bone adult Adam. Fm. (3.01) Catanduva - SP 5.18 0.76
sphagesaurid* Sphagesauridae bone adult Adam. Fm. (5.30) General Salgado - SP 6.59 2.18
sphagesaurid Sphagesauridae tooth adult Adam. Fm. (2.61) Fernandépolis - SP 5.79 1.58
Caipirasuchus Sphagesauridae bone juvenile Adam. Fm. Catanduva - SP 1.77 0.98
Caipirasuchus Sphagesauridae bone adult Adam. Fm. (2.92) Monte Alto - SP 5.71 2.31
Itasuchus Peirosauridae tooth adult Adam. Fm. Adamantina - SP 2.19 0.03
Montealtosuchus Peirosauridae bone adult Adam. Fm. Monte Alto - SP 5.07 2.57
peirosaurid Peirosauridae tooth adult Adam. Fm. Presidente Prudente - SP 9.15 2.70
Aplestosuchus™ Baurusuchidae bone adult Adam. Fm. (5.30) General Salgado - SP 12.97 0.44
Pisarrachampsa Baurusuchidae bone adult Adam. Fm. Gurinhata - MG 5.11 0.06
Pisarrachampsa Baurusuchidae bone juvenile Adam. Fm. Gurinhata - MG 4.26 0.44
baurusuchid Baurusuchidae tooth adult Adam. Fm. (3.42) Jales — SP 13.23 0.40
baurusuchid Baurusuchidae tooth adult Adam. Fm. (2.61) Fernandépolis - SP 12.71 0.15
baurusuchid Baurusuchidae bone adult Adam. Fm. Fernandépolis - SP 12.87 0.17
baurusuchid Baurusuchidae bone juvenile Adam. Fm. Fernandépolis - SP 9.11 0.00
Aeolosaurus Titanosauria bone adult Adam. Fm. Monte Alto - SP 4.35 0.15
titanosaur Titanosauria bone adult Adam. Fm. Adamantina - SP 3.72 1.01
Brasilotitan Titanosauria bone adult Adam. Fm. Presidente Prudente - SP 5.67 0.04
abelisaurid Abelisauroidea tooth adult Adam. Fm. Adamantina - SP 13.16 1.65
abelissaurid Abelisauroidea tooth adult Adam. Fm. Adamantina - SP 10.56 6.24
Bird Enantiornithes bone unknown Adam. Fm. (0.95) Presidente Prudente - SP 5.71 2.32
Turtle Pleurodira bone adult Ube. Fm. Uberaba - MG 1.38 0.15
titanosaur Titanosauria bone adult Ube. Fm. (0.39) Uberaba - MG 4.45 1.81
titanosaur Titanosauria bone adult Mar. Fm. Marilia - SP 3.95 0.54
titanosaur Titanosauria bone adult Mar. Fm. Monte Alto - SP 5.33 1.58
Itasuchus Peirosauridae tooth adult SG Fm. (0.00) Uberaba - MG 2.36 0.22
titanosaur Titanosauria bone adult SG Fm. Uberaba - MG 3.91 0.15
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Fig. 3. Total Hg concentrations for different taxa, tissues, and geological units of the Bauru Group. Dashed lines connect rock samples analyzed in association with a
specific fossil. PP, Presidente Prudente locality (fossils from this area exhibit relatively higher Hg concentrations); j, juvenile individuals; asterisks, Aplestosuchus
(Baurusuchidae), sphagesaurid as stomachal content, and associated rock. The silhouettes are courtesy of http://phylopic.org/.

Data from a rare case of predation among fossil crocodyliforms, the
baurusuchid Aplestosuchus sordidus with a sphagesaurid within its
abdominal cavity (Godoy et al., 2014), showed the former with a THg
concentration of 12.97 ng.g ™}, the sphagesaurid with 6.27 ng.g~}, and
the host rock with 5.30 ng.g™*.

3.3. Statistical analysis

The Linear Mixed Model (LMM) evaluated patterns of Hg concen-
tration in fossil tissues and taxa, considering geological unit as a random
variation. In the complete model, rock samples were included as a
“tissue type” to represent environmental background Hg, whereas the
biological model excluded rocks (as a tissue type) to focus exclusively on
fossilized tissues (Tables 2, 3, and Supplementary Information 5 for
complete results from R command prompt).

The fit of the complete model (which considers rock samples as a
tissue type) ranged from —2.15 to 2.24, with a mean of 0.04, indicating
good symmetry and overall adequacy of the model (see Supplementary
Information 5). The random effect associated with the geological unit

(SiteLocation) showed a variance of 0.9457 and a standard deviation of
0.9725, suggesting a small variation in THg concentration among
geological units. In contrast, the residual variance was 5.5508, with a
standard deviation of 2.3560, indicating that THg concentration varies
more among samples within the same geological unit than among
different units. Regarding the fixed effects, rock samples exhibited, on
average, 3.13 ng-g~! less Hg than bone samples, with a significant P-
value of 0.00014. The difference in Hg concentration between teeth and
bones was 0.66 ng-g~!, with a non-significant P-value of 0.5338 (see
Supplementary Information 5).

The ANOVA results show a relatively high F value, indicating that
both taxon and tissue type explain a significant portion of the variation
in THg concentration values. Since this is a global test, the indication of
differences among factor levels does not specify which levels differ from
one another. In this case, using estimated marginal means (emmeans)
allows the identification of which levels vary significantly. The adjusted
values for rock samples are considerably lower than the estimated values
for teeth and bones, whereas values for tooth and bone do not differ
significantly (Table 2).
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Fig. 4. Location and THg values of selected taxa from the Bauru Group. Silhouettes representing different taxa are not in scale. The color of taxa refers to the
geological unit they were found (geological map modified from Fernandes and Coimbra, 2000; Tcacenco-Manzano and Fernandes, 2024). Mean rock THg values for

each formation are provided in the key to the map.

Taxon explained substantial variation in Hg concentrations: Abeli-
sauridae had the highest adjusted mean (10.27 ng.g™ ") and differed
significantly from lower-trophic groups (e.g., Abelisauridae — Anura =
9.26 ng.g" !, p = 0.0079; Abelisauridae — Peirosauridae = 8.13ng.g ", p
= 0.0022), consistent with trophic magnification (Table 2, Supple-
mentary Information 5).

Similarly, the model that does not take rock Hg concentration in
account ranged from —2.53 to 2.24, with a mean of 0.04, also indicating
good symmetry and overall adequacy of the model (see Supplementary
Information 5). The random effect (SiteLocation) is zero. Therefore,
differences in Hg concentration among fossil tissues and taxa were not
influenced by their geological unit, in contrast with the complete model
(including rocks), where SiteLocation contributed in part to explain total
variance.

The ANOVA results indicate that TissueType has no significant effect
(p = 0.91), showing that bones and teeth exhibit statistically indistin-
guishable Hg concentrations. In contrast, Taxon shows a highly signifi-
cant effect (p < 0.001), with a high F value (F = 8.83), confirming
substantial differences among taxonomic groups. These results demon-
strate that Hg variation among fossils is not dependent on tissue type but
is clearly associated with taxonomic differences, reinforcing the hy-
pothesis that Hg has a biological origin (bioaccumulation) rather than a
taphonomic one (more related to geological context, Table 3).

Estimated marginal means (emmeans) show similar Hg concentra-
tions in bones (5.77 ng.g 1) and teeth (5.88 ng.g~}; p = 0.92), indicating
that tissue type did not influence Hg concentration, whereas taxonomic

differences remained the dominant explanatory factor. This result
further supports the interpretation that Hg distribution in fossil tissues
reflects biological, rather than taphonomic, processes.

Pairwise comparisons of estimated marginal means for Taxon
(averaged over TissueType) revealed marked differences in Hg concen-
tration (Table 3, Supplementary Information 5). Abelisauridae showed
the highest adjusted mean (12.6 ng.g™ 1), significantly higher than Anura
(p = 0.034), Peirosauridae (p = 0.002), Pleurodira (p = 0.010), and
Sphagesauria (p = 0.002). No significant difference was observed be-
tween Abelisauridae and Baurusuchidae (p = 0.93), consistent with their
similar carnivorous habits.

Taxa of lower trophic position (Anura, Pleurodira, Titanosauria)
have significantly lower Hg values, indicating a strong trophic gradient
in mercury bioaccumulation among Cretaceous vertebrates from the
Bauru Group.

As ontogenetic differences in physiology and feeding behavior may
impact within-taxon variance independently of taxonomic signals, a
complementary linear mixed-effects model was run excluding juvenile
specimens from the model with no rock samples to evaluate potential
ontogenetic bias. Juveniles were unevenly distributed among taxa (two
Baurusuchidae and one Sphagesauria), potentially influencing group
means and variance estimates. In this case, the exclusion of juveniles did
not alter the qualitative results of the model, but reduced residual
variance and strengthened taxonomic contrasts, supporting the
observed taxonomic signal (see Supplementary Information 5 for com-
plete results).
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Table 2

Main results of the linear mixed-effects model (LMM) analysis for the complete
model, which includes THg concentrations in rock samples treated as a tissue
type. NumDF = numerator degrees of freedom; DenDF = denominator degrees
of freedom; SE standard error.

ANOVA (fixed effects)

Factor NumDF DenDF F value P value

TissueType 2 48.55 9.56 0.00031

Taxon 7 44.61 7.18 9.444¢ %

Estimated marginal mean (THg) - emmean (tissue type)

Tissue emmean SE 1C95% inf. 1C95% sup.

tooth 5.61 1.20 2.88 8.35

bone 4.96 1.08 1.48 8.43

rock 1.83 1.21 -1.39 5.05

Contrasts (Turkey)

Comparison Difference P Interpretation

rock-tooth -3.79 0.0073 tooth > rock

rock-bone 3.13 0.0006 bone > rock

tooth-bone —0.66 0.82 tooth = bone

Estimated marginal mean (THg) - emmean (taxon)

Taxon emmean SE 1C95% inf. 1C95% sup.

Abelisauridae 10.27 1.94 6.25 14.28

Baurusuchidae 7.61 1.26 4,97 10.86

Enantiornithes 3.19 1.97 —0.82 7.20

Titanosauria 3.14 0,82 0,96 5,32

Sphagesauria 291 1.23 —0,43 6,26

Pleurodira 2.79 1.37 -0.13 5.71

Peirosauridae 2.14 1.41 —0.91 5.20

Anura 1.01 1.97 -3.00 5,02
Table 3

Main results of the linear mixed-effects model (LMM) analysis for the ‘biological
model’ which excludes THg concentrations in rock samples. NumDF = numer-
ator degrees of freedom; DenDF = denominator degrees of freedom; SE standard
error.

ANOVA (fixed effects)

Factor NumDF DenDF F value P value
TissueType 1 35.00 0.012 0.9118
Taxon 7 35.00 8.827 3.192¢ %
Estimated marginal mean (THg) - emmean (tissue type)

Tissue emmean SE 1C95% inf. 1C95% sup.
tooth 5.88 1.36 1.84 9.93

bone 5.77 1.41 —90,424.00 90,435.00
Contrasts (Turkey)

Comparison Difference P Interpretation

tooth-bone -0.117 0.9194 tooth = bone

Estimated marginal mean (THg) - emmean (taxon)

Taxon emmean SE 1C95% inf. 1C95% sup.
Abelisauridae 12.58 2.23 6.61 18.54
Baurusuchidae 10.41 1.67 -11.69 8.12
Enantiornithes 5.77 2.80 0.046 11.49
Titanosauria 3.14 0,82 0.96 5.32
Sphagesauria 4.43 1.60 —68.99 77.85
Pleurodira 3.03 1.65 —0.41 6.47
Peirosauridae 4.19 0.83 2.27 6.10
Anura 2.40 2.80 -3.32 8.12

4. Discussion
4.1. The natural incorporation of Hg into bioapatite

The capacity of Hg to substitute Ca in bioapatite was discussed by
Avila et al. (2014) who, via EDS and X-ray diffractometry, found that
some human teeth and bone samples from Mexico exhibited alterations
in their hydroxyapatite lattice associated with Hg incorporation. In such
case, the Hg substitution was identified because its ionic radius (0.127
nm) slightly exceeds that of Ca (0.114 nm), leading to an expansion of
the unit cell parameters (Avila et al., 2014).

Additionally, Cardia et al. (2018) first reported THg in vertebrate
fossils (Baurusuchidae) from the Bauru Group (Upper Cretaceous),
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demonstrating that Hg can be trapped in fossil bones over long periods.
In such study, similar THg concentrations were found in different tissues
(tooth enamel and dentine, skull, axial, and appendicular bones), sug-
gesting a biological rather than diagenetic origin of this element in such
fossils.

Similarly, Meyer et al. (2019) found Hg in Cretaceous mollusk fossils,
supporting the potential for Hg incorporation into biogenic mineralized
tissues. As with bone hydroxyapatite, previous studies indicated that
divalent metals like Hg with atomic radii comparable to that of calcium
can substitute that element in the biogenic carbonate lattice (e.g., Jef-
free et al., 1995; Yap et al., 2003; Brown et al., 2005).

Regarding mercury loss during diagenesis, Chen et al. (2022) and Liu
et al. (2022) demonstrated that only minimal amounts of Hg are released
under temperature and pressure intervals of 200-500C and 0.5-1.4 GPa,
respectively, which are above the typical range of diagenetic conditions.

On the other hand, several studies demonstrate that the main ele-
ments incorporated into the bone during diagenesis are F, Fe, Mn, Si, Al,
Sr, Ba, REE, Cl, and U (e.g. Kohn et al., 1999; Rogers et al., 2010; Her-
wartz et al., 2011, 2013; Piga et al., 2011; Keenan et al., 2015) either by
alterations of the Ca and OH sites of bone hydroxyapatite or due to
contamination by small-sized diagenetic minerals. Additionally, the
stability constants (log K) for Hg-carbonate and Hg-phosphate com-
plexes are considerably lower than those for Hg—sulfur or Hg-thiol li-
gands (Ravichandran, 2004), implying that Hg has only modest affinity
with sulfur and dissolved organic matter under oxidizing diagenetic
conditions like that found in Bauru Group deposits.

The THg concentrations measured in distinct biomineralized tissues
(compact bone and dental enamel) further argue against diagenetic
uptake, which would be expected to affect these tissues differentially. In
addition, the significantly lower Hg concentrations in the host sand-
stones relative to the fossils indicate that the surrounding sediment did
not serve as a substantial Hg reservoir. Collectively, these observations,
combined with the chemical constraints implied by the log K values,
suggest that diagenetic contamination is an unlikely source of the Hg
measured in the fossils.

Additionally, cases of diagenetic Hg incorporation like fossil
mammal bones and teeth from Late Miocene deposits in Spain (Garcia-
Alix et al., 2013) show that bone tissues are more enriched in Hg than
dentine and tooth enamel because pores are generally larger and more
abundant in bones. In this case, the fossils have a red color resulting from
the diagenetic incorporation of cinnabar (HgS) in the tooth and bone
pores (Garcia-Alix et al., 2013).

Cinnabar has never been reported in Bauru Group rocks, neither in
thin sections (Fig. 2) nor in X-ray diffraction analyses (Klock et al., 2022;
Oliveira and Santucci, 2020; Oliveira et al., 2021). Moreover, in the
present study, only dental enamel and cortical bone tissue were
analyzed. The rocks of the Bauru Group, in which the sampled fossils
were found, are predominantly sandstones, which are generally more
porous than the analyzed tissues (see Fig. 2). Under a scenario of
diagenetic Hg contamination, concentrations would be expected to be
highest in the surrounding rocks, followed by bone tissue, and lowest in
dental enamel.

Moreover, fossils from distinct taxa would be expected to have
similar Hg concentrations, irrespective of their dietary habits. Neither of
these patterns are observed in our results. Also, a previous analysis of
THg in adult baurusuchids from the Bauru Group showed that their bone
matrix and tooth enamel have similar values (~12.7-13.2 ng.g”}, in
some instances, the difference is less than 5 %), whereas the rock matrix
has significatively lower THg values (~2.6-3.4 ng.g~}), indicating that
the fossil material did not undergo diagenetic alterations (Cardia et al.,
2018).

Thus, considering the known natural processes of Hg incorporation
into carbonate and bioapatite, as well as the effects of diagenesis on
fossils, Hg analysis should be conducted with caution. Processes such as
the incorporation of cinnabar (or other Hg-bearing minerals) and cal-
cium carbonate, where Ca ions may be replaced by Hg, can alter the
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original Hg composition of the sample.

In the case of the samples analyzed in this study, it is important to
highlight that: (i) cinnabar is not observed in the examined rocks; (ii)
carbonate cement in some rocks does not exhibit anomalous Hg con-
centrations (e.g., rocks with more carbonate cement do not contain more
Hg than rocks with no carbonate); and (iii) similarly to archaeological
studies on the natural presence of Hg in bone bioapatite (e.g., Cervini-
Silva et al., 2013; Rasmussen et al., 2013; Emslie et al., 2015, 2019,
2022), the total Hg content in rocks from different units of the Bauru
Group is generally significantly lower than those found in the studied
fossils. Therefore, neither sediment composition nor diagenetic pro-
cesses can account for the elevated Hg levels observed in the fossil
material.

4.2. The Hg in fossil vertebrates of the Bauru Group

An important consideration when comparing Hg data among
different specimens and taxa is that Hg concentrations in organism tis-
sues from a given region are influenced by the amount of bioavailable
Hg in the area. As noted earlier, Hg content in mussel shell carbonates
from North Folk River, Virginia (USA), impacted by metal pollution
varies according to the collection site, ranging, for example, from a
mean of 8 ng.g~! upstream of a pollution source to 387 ng.g ! in areas of
the same river affected by that Hg source. Low Hg values were observed
in shell specimens collected prior to the installation of the pollution
source (Brown et al., 2005).

A similar pattern has been observed in Hg analyses of recent bone
tissue, although it is not clear whether the collagen, which usually has
higher Hg concentrations than bone tissue, was removed prior to ana-
lyses. For example, a study on Hg concentrations in white-toothed
shrews from contaminated and uncontaminated localities in Spain
(Sanchez-Chardi et al., 2007), in uncontaminated areas, young males
(due to nursing) exhibited higher Hg concentrations than adults (1040
and 950 ng.g ™!, respectively), whereas in polluted regions, young males
have lower Hg concentrations than adults (1790 and 5530 ng.g ™%,
respectively). These findings demonstrate that Hg concentration is
sensitive to the availability of this element within the system (Sanchez-
Chardi et al., 2007). The same effect of lactation was observed in a study
on Hg in the bones of Steller sea lions, in which young individuals
exhibited THg values of 31.4 ng.g ™}, whereas adults showed only 7.9 ng.
g’1 (Keenan et al., 2024).

Mercury concentrations reported for bone samples of extant preda-
tors indicate that this element is incorporated into bioapatite in
detectable quantities across trophic levels. For example, Hg in bioapatite
of the red (Vulpes vulpes) and Arctic (Vulpes lagopus) foxes ranged from
36 to 100 ng.g~ ! and 17 to 25 ng.g™}, respectively (Dainowski and
Duffy, 2021). Similarly, Racero-Casarrubia et al. (2012) reported THg
values ranging from 38.3 to 88.7 ng.g™! in jaguar tooth samples from
Colombia.

In aquatic vertebrates, Schneider et al. (2015) found THg values of
153 ng.g~! in Caiman crocodilus, 80 ng.g™! in Melanosuchus niger, 2 ng.
g~ in Podocnemis expansa, and 0.5 ng.g™! in Podocnemis unifilis.
Considering these observations, the THg values measured in fossil
samples from the Bauru Group are comparable to those reported in
modern organisms, indicating a similar magnitude of Hg incorporation
in bioapatite and a comparable biomagnification pattern.

Our analysis of Bauru Group vertebrate samples indicates that abe-
lisaurids and baurusuchids were the top predators of the fauna, with
THg averaging between 10 and 14 ng.g™", and abelisaurids showing
slightly higher THg values (Table 1, SI1). This fits their size and cra-
niomandibular anatomy, which indicates that they preyed on medium to
large terrestrial vertebrates. Considering their known geographic
occurrence in Bauru Group deposits (Bandeira et al., 2018), Baur-
usuchidae remains are generally found together with few other verte-
brate taxa, mostly sphagesaurid crocodyliforms. Similarly, the sites
where theropod dinosaur remains are found with no significant
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transport generally lack baurusuchid occurrences, suggesting that these
two groups did not commonly inhabit the same area and did not
compete for the same food resources (Bandeira et al., 2018). On the
other hand, with an average THg of ~9.0 ng.g”}, peirosaurid croc-
odyliforms correspond to intermediate predators. Indeed, they are
characterized by more heterodont dentition and dorsoventrally com-
pressed rostrum, hinting to a more diverse diet when compared to
Baurusuchidae (Carvalho et al., 2004; Pinheiro et al., 2023).

Total mercury concentrations for Baurusuchidae and Peirosauridae
are also in line with the presence of undigested bone fragments in
Baurusuchidae coprolites from the Adamantina Formation (Oliveira
et al., 2021) and §'3C stable isotope analyses of Uberabasuchus terrificus
and Campinasuchus dinizi teeth, which indicate that they respectively
feed on terrestrial and aquatic food items (Klock et al., 2022).

The average THg concentrations in Sphagesauridae crocodyliforms,
including those of the Caipirasuchus group, are between ~5.0 and 6.0 ng.
g-1. Sphagesaurids have a highly heterodont dentition, with wear facets
on molariform teeth indicating that they could perform propalinal jaw
movements (lori and Carvalho, 2018; Osi, 2014; Pol, 2003; Ricart et al.,
2021). Coprolites attributed to large sphagesaurids have plant material
within (Oliveira et al., 2021), showing they included plants in their
diets. Yet, Sphagesauridae THg concentrations are not as low as those of
the strictly herbivorous sauropod dinosaurs, indicating that they
included other food items in their diet.

The THg values for enantiornithine birds are similar to those of
sphagesaurids (~ 5.0 ng.g™!), suggesting a mixed diet, which is not
uncommon among birds. Rare stomach contents show that some enan-
tiornithines feed on invertebrates (Sanz et al., 1996), but given the di-
versity of their skull morphology, which includes edentulous species,
they probably have fed on a wider range of food items (O’ Connor, 2019).

Other Crocodyliformes, such as Morrinhosuchus luziae and Mar-
iliasuchus amarali, in addition to lepisosteid fishes, anurans, and some
turtles (Roxochelys wanderleyi), have low THg concentrations (between
~1.5 and 5.0 ng.g™}), indicating that they could have been either her-
bivores or omnivores (Table 1, SI 1). Morrinhosuchus luziae and Mar-
iliasuchus amarali are relatively small crocodyliforms with heterodont
dentition akin to those seen in Sphagesauridae (Andrade and Bertini,
2008; ITori and Carvalho, 2009), justifying the similar THg values in
these taxa.

Considering all analyzed crocodyliforms (e.g., Baurusuchidae, Peir-
osauridae Sphagesauria), the difference in THg concentrations found in
their biomineralized tissues, together with their morphological di-
versity, strongly supports the idea that they developed a certain degree
of dietary niche partitioning. Additionally, as previously noted for
Baurusuchidae (Cardia et al., 2018), THg values vary with ontogeny in
other crocodyliforms, with differences of approximately 37 % in adult
specimens of Caipirasuchus relative to the juveniles and 17 % in Pisar-
rachampsa sera (Table 1). This difference associated with growth points
to changes in their dietary habits during ontogeny.

Extant Lepisosteidae mainly prey on smaller fishes, but some taxa
also feed on invertebrates such as snails and crabs and even on plant
material (Grande, 2010). Indeed, some fossil Lepisosteidae were
considered to have fed on gastropods (Grande, 2010). The THg values
found in the fossil Lepisosteidae from the Bauru Group are consistent
with a diet that includes invertebrates. The same holds true for anurans
and the pleurodiran (Roxochelys wanderleyi), as their THg values are
consistent with extant forms that feed on different invertebrates and
sporadically on plants (Bour, 2007; Duellman and Trueb, 1994; Lemell
et al., 2019; Solé and Rodder, 2010).

Several lines of evidence, such as dentition and coprolite content,
indicate that titanosaurid sauropods are herbivores feeding on a rela-
tively large array of plants (Oliveira and Santucci, 2020; Prasad et al.,
2005), what could explain their variable, although generally low, THg
values between ~2.0 and 4.5 ng.g ™'

The THg values recovered for the only direct evidence of predation
among Bauru Group crocodyliforms (Godoy et al., 2014) has the
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predator (Aplestosuchus sordidus) with over 50.0 % more THg than the
prey (a sphagesaurid) in its abdominal cavity, further validating the
technique employed here (Table 1, Supplementary Information 1).

From the statistical point of view, the random effect of the geological
unit (SiteLocation) exhibited near-zero variance, indicating that Hg
concentrations in fossil tissues are mainly independent of the unit from
which they were sampled. On the other hand, tissue type significantly
influenced Hg values when rocks were included (F = 9.56, p < 0.001).
Bones (emmean = 4.96 ng.g’l) and teeth (mean = 5.61 ng.g’l) con-
tained higher Hg than surrounding rocks (mean = 1.83 ng.g 1), whereas
no significant difference was observed between bones and teeth (p =
0.82). If the Hg values of rocks are excluded, tissue type is non-
significant, confirming comparable Hg accumulation across different
fossil tissues. These results indicate that Hg enrichment in fossils cannot
be attributed to the effect of surrounding matrix (Tables 2 and 3, Sup-
plementary Information 5).

Taxonomic identity strongly affected Hg concentration in both
models. Carnivorous taxa, particularly Abelisauridae and Baur-
usuchidae, exhibited the highest Hg values, whereas herbivorous
(Titanosauria) and semi-aquatic taxa (Pleurodira, Anura) showed lower
Hg concentrations. This pattern persisted even when Hg values from
rocks are excluded, which is consistent with trophic-level bio-
magnification of Hg.

The fossil tissues are enriched in Hg relative to surrounding rocks,
with similar THg concentrations in bones and teeth and significantly
related to the taxonomic group of the sample. Together, these results
suggest that Hg accumulation was primarily driven by trophic level
rather than local sedimentary conditions, supporting long-term
biogeochemical persistence and bioaccumulation of mercury through
Mesozoic food webs.

5. Conclusions

Fossil vertebrate samples from the Bauru Group show Hg concen-
trations significantly higher than those in the host rocks, indicating that
neither sediment composition nor diagenetic processes account for their
THg elevated values. Additionally, these THg levels in Bauru Group
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fossils are comparable to those in modern biotas, suggesting a similar
magnitude of incorporation into bioapatite and equivalent bio-
magnification patterns.

The trophic hierarchy of the Bauru Group vertebrates was recon-
structed based on the THg concentration in mineralized tissues (bones
and teeth). Distinct taxa were positioned at different trophic levels, such
as top predators, intermediate consumers, and primary consumers
(Fig. 5). This places abelisaurids and baurusuchids as top predators,
peirosaurids as intermediate predators, and other taxa, including spha-
gesaurids, enantiornithine birds, and smaller crocodyliforms, at lower
trophic levels. Herbivorous taxa such as titanosaurid sauropods exhibit
generally low Hg values. The lower THg values observed in sphage-
saurids also reinforce evidence found in their coprolites that this group
of crocodylomorphs were herbivorous. Differences in THg between ju-
venile and adult individuals of the same species can be used as evidence
for shifts in their feeding behavior.

The Hg analysis requires a small amount of material to be imple-
mented and can be applied in other vertebrate-bearing deposits that did
not undergo significant diagenetic alteration. However, this approach in
fossil material must exclude diagenetic contamination (e.g., cinnabar
impregnation, carbonate cementation), which can artificially elevate
their Hg concentrations.
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