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Mercury (Hg) biomagnification values tend to reflect relationships between
species in the trophic web, where larger values indicate higher positions in the
web. Herein, we present a pioneering attempt to reconstruct the paleotrophic
linkages during the onset of the Romualdo Formation in the Araripe Basin
(northeastern Brazil) based on analyses of the Hg concentrations ([Hg]) in fossil
specimens recorded in this lithological unit. To understand these relationships,
several vertebrate taxa were analyzed through cold vapor generation atomic
absorption spectrometry (CV-AAS) to quantify [Hg] in both fossils ([Hg]Fossil)
and their surrounding concretions ([Hg]Rock). The observed ratios (log[Hg]Sample)
indicate greater biomagnification with changes in the feeding habits and sizes
of the evaluated vertebrate taxa; the lowest values were observed in the
small actinopterygian fish genera Rhacolepis and Tharrhias while the peak
values were noted in large predators like Cladocyclus and Calamopleurus
(apex species of the trophic pyramid). The feeding habits of Vinctifer were
also reviewed, and the genus was reinterpreted from a filter feeder to a
mesopredator; Neoproscinetes and an unidentified batoid ray (Chondrichthyes)
were two durophagous bottom-feeding taxa that showed values compatible
with their predicted feeding habits. Low values of the log[Hg]Sample ratios were
observed in the ornithocheiraean pterosaurs (Reptilia), suggesting these were
mesopredators specializing in smaller fish species, while Thalassodrominae
presented intermediate-to-high log[Hg]Sample values, indicating their unique
trophic role as terrestrial opportunistic generalists, ranging from predators to
scavengers.
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1 Introduction

In this work, we use mercury concentration ([Hg]) analysis
to reconstruct the trophic relationships among the taxa of the
exceptionally preserved and highly diverse fossil assemblages of
the Lower Cretaceous (Aptian–Albian) Romualdo Formation in
the Araripe Basin of northeastern Brazil. The assemblage evaluated
herein comprises several pristine vertebrate specimens, including
the Chondrichthyes (cartilaginous fish) and Actinopterygii (ray-
finned fish) of the Holostei (amiids) and Teleostei (teleosts) groups
as well as Tetrapodomorpha of the Pterosauria (pterosaurs) group.
Despite the relevance of the proposed results on pterosaurs (which
are mostly in agreement with previous morphology-based analyses
of trophic relations between the pterosaur and fish species), these
data are considered preliminary owing to small sampling size.

Mercury (Hg) is a chemical element that is widely distributed
throughout the biosphere, its dispersion linked to atmospheric
emissions by active volcanic chains and forest fires (Beckers and
Rinklebe, 2017). Once released into the atmosphere, Hg circulates
between the atmospheric, terrestrial, and oceanic reservoirs
in its organic and inorganic forms (Pyle and Mather, 2003;
Sun et al., 2019). During the atmospheric stage of its cycle, the
elementary form of Hg (Hg0) undergoes oxidation to generate
the more reactive, water-soluble Hg2+ (Figure 1); this form is
incorporated into aquatic ecosystems to form stable organic
complexes (Grasby et al., 2019) that either undergo adsorption
into clay minerals (Sial et al., 2013; Font et al., 2016) or precipitate
into sulfides in bottom sediments (Gamboa Ruiz and Tomiyasu,
2015; Beckers and Rinklebe, 2017). In sediments, Hg can undergo
methylation mediated by sulfate-reducing bacteria to generate
methylmercury (MeHg) – a bioavailable form of Hg (Luo et al.,
2020). Several microorganisms (sulfate-reducing and nitrifying
bacteria as well as methanogenic archaea) play significant roles
in the production of MeHg in aquatic environments (Wang Y. et al.,
2020; Starr et al., 2022; Wang J. et al., 2022).

Mercury enters biological systems via two principal
mechanisms: bioaccumulation (increase in [Hg] in organisms
with age or size) and biomagnification (increase within food webs
according to the trophic statuses of the species) (Benoit et al.,
2003; Campbell et al., 2003). Over the course of geological
time, Hg accumulations have been occasionally preserved,
especially in fossil records, owing to the interactions with minerals
commonly found in mineralized tissues, such as apatite (including
hydroxyapatite, carboxyapatite and post-diagenetic fluorapatite),
calcite, and aragonite (Cardia et al., 2018; Kim et al., 2018;
Cervini-Silva et al., 2021). Bone apatite is particularly prone
to Hg bioaccumulation/biomagnification, and its incorporation
into post-mortem remains by diagenesis is diminished even
in Hg-rich strata (Emslie et al., 2019). Calcium (Ca) atoms in
skeleton-forming minerals are commonly displaced by Hg—a
process facilitated by similarities in the electrical charges and
ionic radii between Ca2+ and Hg2+ (Kępa et al., 2012; Ávila et al.,
2014). The reaction with carboxyapatite is summarized by the
following equation (Cervini-Silva et al., 2021):

Ca10(PO4)4(CO3)3(OH) + 5Hg2+→Hg3PO4[(Hg2)3(PO4)2]

An examination of Hg distribution across geological time
has revealed a correlation between its anomalous deposition and

FIGURE 1
Mercury (Hg) cycle until preservation in the apatite of fossilized bones
(modified from Cardia et al. (2018) and Grasby et al. (2019)).

activation of large igneous provinces, major paleoclimatic shifts
and mass extinction events (Rampino et al., 2024; Zhou et al.,
2024). Anomalous Hg levels have been documented in the Late
Ordovician (Bond and Grasby, 2020; Sial et al., 2024), Late
Devonian (Racki et al., 2018), Permian–Triassic (Sanei et al.,
2012; Sial et al., 2021), end-Triassic (Thibodeau et al., 2016), and
Cretaceous–Paleogene (Font et al., 2016; Sial et al., 2016) extinctions.
The applicability of Hg in reconstructing the paleoecological aspects
of fossil records is well known: Late Cretaceous baurusuchid
crocodiles have been distinguished into several ontogenetic levels
based on [Hg] from eggs, bones, teeth, and osteoderms (Cardia et al.,
2018). Meyer et al. (2019) also documented a correlation between
elevated Hg bioaccumulation in mollusks and the activation of
Deccan volcanism. Murray et al. (2015) evaluated [Hg] in living and
subfossil (Holocene) codfish and found the influences of sea-level
variations during that period.

2 Geological setting

Assessments of [Hg] in fossil mineralized tissues are heavily
dependent on exceptional preservation, such as observed in
specimens of the konservat-laggerstätte of the Romualdo Formation
of Brazil. This unit is the result of a regional-scale, late Aptian -
early Albian transgression (Araripe et al., 2022) during the opening
of the South Atlantic Ocean that reached many interior regions of
northeastern Brazil, including the Araripe Basin (Custódio et al.,
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2017). Such conditions favored the deposition throughout the
unit of several stratigraphic horizons abundant in carbonate
concretions; some of these have yielded finely preserved skin,
muscle, vascular systems and 3D organs of several vertebrate
species (Kellner and Campos, 1994; Kellner, 1996a, Kellner, 1996b;
Martill, 1988; Maldanis et al., 2016). Stomach contents are also
frequently available; the diets of these specimens (Maisey, 1994)
and their oral morphologies (Lopes and Barreto, 2021) have been
utilized previously to establish trophic relations in the Romualdo
assemblage.

Romualdo concretions not only preserve fossils pristinely but
also maintain their chemical compositions over time. Isotope
(δ13C, δ18O, and 87Sr/86Sr) (Heimhofer et al., 2017), X-ray
diffraction, and spectroscopy (Lima et al., 2007; Freire et al., 2014;
Sousa Filho et al., 2016; Barros et al., 2019) analyses have indicated
low interference from diagenetic processes, maturation under
ambient temperatures, and distinct mineralogical compositions
between the preserved fossils acting as nucleators of the concretion
and their surrounding matrices. Such samples are also abundant,
and numerous specimens are available in scientific collections of
several Brazilian institutions, including: Museu de Paleontologia
Plácido Cidade Nuvens (MPPCN) in the City of Santana do
Cariri, Laboratório de Paleontologia da URCA (LPU) in Crato
(Saraiva et al., 2021), Museu de Ciências Naturais e História de
Barra do Jardim (MCNHBJ) in Jardim (Coutinho et al., 2021), and
Earth Sciences Museum in (MCTer) Rio de Janeiro. Therefore, Hg
assessments of samples from Romualdo concretions and their fossil
contents can be powerful tools for reconstructing trophic webs of
both recent and fossilized assemblages.

3 Materials and methods

3.1 Constraints on acquiring vertebrate
specimens for destructive analyses

All Romualdo specimens used in the present work were sourced
from the scientific collections of the MPPCN, LPU, MCNHBJ and
MCTer (Figure 2). Seven fish species were selected based on their
availability and presumed ecological roles (Wilby and Martill, 1992;
Maisey, 1994; Silva Santos, 1995; Brito, 1997; Lopes and Barreto,
2021): Rhacolepis buccalis (n = 5), Vinctifer comptoni (n = 5),
Cladocyclus gardneri (n = 3), Calamopleurus cylindricus (n = 6),
Tharrhias araripis (n = 2), Neoproscinetes penalvai (n = 2), and an
unidentified species of Batoidea (n = 2). Additional specimens of
pterosaurs identified as Ornithocheirae (n = 3), Thalassodrominae
(n = 1) and unidentified ornithocheiroid specimens (n = 2) were
included in this study.

Considering the [Hg] analysis is destructive in nature, it
is important to emphasize that none of the fossil specimens
deployed in the present study were type materials. To avoid loss of
taxonomically relevant specimens, we relied on species with large
fossil recovery in the Araripe. For the pterosaurs, only those body
parts that are not particularly rich in apomorphies (such as pterosaur
phalanges, limb bones, and cranial fragments) were used – which
impacted the numbers of samples of some taxa as well as their depth
of taxonomic identification.The samewas true for someof the batoid

rays, for which none of the recovered specimens were as complete as
the type materials of currently known species in the Romualdo.

3.2 Mercury quantification and [Hg]
calculation

All specimens were processed at the LPU, where samples of
approximately 7 cm3 were sawed off with a Makita M0400B circular
saw. The resulting slabs were sent as separate samples to the
Marine Science Institute (LABOMAR) of the Federal University
of Ceará, Fortaleza, Brazil, for [Hg] analysis. Detailed summaries
of the methods used in lab preparations and [Hg] analyses are
available in Benigno et al. (2021) and Hamid et al. (2024), which
are provided herewith as supplementary data. Measurements were
performed on both fossils and the carbonate matrices of their
surrounding concretions; we used [Hg] in the concretions ([Hg]Rock)
as the normalizer for environmental effects over fossils ([Hg]Fossil),
and applied the following ratio to quantify [Hg] bioaccumulation
in the sample:

[Hg]Sample = [Hg]Fossil/[Hg]Rock

The ratio was normalized, and a generalized linear model was
applied to determine the different trophic levels based on [Hg].
In this case, the logarithm of the concentration (y = log[Hg])
was used as the response variable to enable the identification
of outliers (Trevizani et al., 2021). Additional statistical analyseswere
performed using RStudio© software (v. 4.3.3).

4 Results and discussion

4.1 Hg biomagnification in recent estuaries
versus the paleoenvironment of the
Romualdo formation

Chiang et al. (2021) provided a complete model for
biomagnification values in the evaluated taxa of the Romualdo
Formation; this work relied on the modern trophic webs of
Patagonia and Antarctica, where different mammals (cetaceans and
pinnipeds), birds and fish represent the various predatory roles of
pterosaurs and fish from Romualdo paleoenvironments. Similar
scenarios (with smaller-scale trophic chains) were observed by
Trevizani et al. (2021), Muto et al. (2014), Hosseini et al. (2013), and
Qu et al. (2022) in the tropical estuaries of southeastern Brazil, Iran,
and China. Compared to these areas, [Hg] in the Romualdo exhibits
an additional tendency toward increased biomagnification (Table 1)
from micropredators to mesopredators to durophagous predators,
reaching the highest values in the apex species C. cylindricus.

We observed that despite their low log[Hg]Sample values in
comparison to other evaluated taxa, some specimens of R. buccalis
and V. comptoni show the highest [Hg]Fossil and [Hg]Rock values
among the analyzed specimens. Chiang et al. (2021), Trevizani et al.
(2021), and Qu et al. (2022) all emphasize proximity to Hg sources
(especially those of anthropic origin) as the main factor for Hg
bioaccumulation. The lack of the anthropic factor led us to consider
other reasons for these accumulated concentrations, such as the
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FIGURE 2
Map of the Araripe Basin in northeastern Brazil showing the geographical distribution of the Santana Group (including the Romualdo Formation)
(modified from Rosa et al. (2023)). The museums and laboratories whose curated sample collections were used in this work are also highlighted.

role of volcanos as sources (Pyle and Mather, 2003) and rivers as
transporters of Hg into larger bodies of water (Chiang et al., 2021).

The concretion-rich shales of the Romualdo were deposited in
large water bodies, ranging from lagoons to an epicontinental sea,
that variedwidely in terms of the salinity (Fürsich et al., 2019), owing
to substantial contributions ofmeteoric waters being carried into the
basin by riverine systems (Bom et al., 2023). Both R. buccalis and V.
comptoni featured among the smallest fish species of the Romualdo
and may have sought refuge near the shores (even if only through
part of their life cycle). Living in such benthic conditions, where total
Hg and MeHg availabilities are considerably higher (Chételat et al.,
2015), would make them more prone to Hg accumulation than
larger, more pelagic species. One of the probable sources to the
Romualdo could be the Aptian Southern Kerguelen Plateau volcanic
event (Hamid et al., 2024); there is also strong evidence of secondary
sources in wildfires that may have heavily affected the paleobiota of
the Romualdo (Lima et al., 2019).

4.2 Trophic relationships between fish
species

Absolute and average log[Hg]Sample results of analyzed species
are summarized in Figure 3. Lower trophic levels of the Romualdo
taxa (represented by smaller species with villiform dentition)
(Lopes and Barreto, 2021) showed lesser log[Hg]Sample values:
R. buccalis (−1.14 to −0.37); T. araripis (−0.06 and −0.07); V.
comptoni (−0.50 to 0.30). Considering these log[Hg]Sample values
and historical records of stomach contents of T. araripis and R.
buccalis, we hypothesized these organisms probably fed on decapod
crustaceans and smaller fish (Maisey and Carvalho, 1995). The

presence of gill rakers and microbranchiospines in R. buccalis
(Ribeiro et al., 2020) suggest it could be ecologically equivalent to
the milkfish (Chanos), a benthopelagic species with similar [Hg]
levels and diet (Hosseini et al., 2013).

The position of V. comptoni in the Romualdo food web, based
on the stomach content analyses of some specimens, has been
previously inferred as that of a mesopredator feeding on smaller
fish (Wilby and Martill, 1992; Brito, 1997; Coutinho et al., 2021)
- although there are no published images detailing these findings.
Maisey (1994) found no small fish fragments during stomach
content analysis ofV. comptoni, instead linking its reduced dentition
and well-developed gill apparatus to morphologies observed in
recent filter-feeding taxa, such as paddlefishes (genus Polyodon).
Observed average log[Hg]Sample values, however, indicate piscivore
feeding habits, probably involving consumption of fish taxa like T.
araripis and R. buccalis or even Santanichthys diasii (Silva Santos,
1995). Ratios also show large variability per specimen than
other evaluated species, which is interpreted herein as a possible
consequence of foraging variation tied to either geographical
(Azad et al., 2019) and/or ontogenetic (Di Beneditto et al.,
2013) factors.

log[Hg]Sample values increase with the trophic level (transition
from villiform to molariform to conical dentition, accompanied by
an increase in the overall size of the species), indicating shifts to
higher levels of the trophic web (Figure 4). Molariform mid-tier-
level species evaluated in the present work include a species of
ray listed as Batoidea indet. (log[Hg]Sample: −0.02 to 0.03) and N.
penalvai (log[Hg]Sample: 0.03–0.06); these are interpreted as benthic
durophagous taxa feeding on larger and opportunistic invertebrates,
as described in Lopes and Barreto (2021) and Meunier et al. (2021).
Based on dietary (Bornatowski et al., 2005) and [Hg] comparisons
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TABLE 1 Mercury concentrations ([Hg]) in fossil vertebrate specimens ([Hg]Fossil), surrounding concretions ([Hg]Rock), bioaccumulations ([Hg]Sample), and
[Hg]sample averages of taxa from the Romualdo Formation in the Araripe Basin of northeastern Brazil.

Sample Group Taxon Trophic functional
group

[Hg]Fossil [Hg]Rock [Hg]Sample log ([Hg]Sample)

MPPCN P 5357

Fish Rhacolepis buccalis Pelagic micropredator

34.65 482.67 0.07 −1.14

MPPCN P 5356 157.16 1,330.49 0.12 −0.93

MPPCN P 5358 105.25 304.62 0.35 −0.46

MPPCN P 5360 298.59 808.80 0.37 −0.43

MPPCN P 5359 41.25 95.68 0.43 −0.37

Taxon average 0.267 −0.666

MCNHBJ 105
Flying reptile Ornithocheiriformes Pelagic mesopredator

3.85 17.92 0.21 −0.67

MCNHBJ 345 1.46 4.45 0.33 −0.48

MCT.R.1505 Flying reptile Ornithocheiroidea indet. Pelagic mesopredator 14.73 10.99 1.34 0.13

Taxon average 0.271 −0.202

—
Fish Tharrhias araripis Pelagic micropredator

8.28 9.72 0.85 −0.06

— 17.72 20.11 0.88 −0.07

Taxon average 0.867 −0.062

MPPCN P 5311

Fish Vinctifer comptoni Pelagic mesopredator

10.13 22.55 0.45 −0.35

MPPCN P 5314 6.73 12.29 0.55 −0.26

MPPCN P 5317 18.64 25.96 0.72 −0.14

MPPCN P 5313 111.29 125.68 0.89 −0.05

MPPCN P 5309 112.02 55.80 2.01 0.30

Taxon average 0.922 −0.035

MCNHBJ 0353
Fish Batoidea indet. Benthic durophage

41.13 42.93 0.96 −0.02

MCNHBJ 0043 45.31 41.83 1.08 0.03

Taxon average 1.021 0.009

MCNHBJ 0364
Fish Neoproscinetes penalvai Benthic durophage

31.22 28.89 1.08 0.03

MCNHBJ 134 34.29 29.59 1.16 0.06

Taxon average 1.120 0.049

MPPCN P 2425

Fish Cladocyclus gardneri Pelagic predator

22.90 22.99 1.00 0.00

MPPCN P 2448 20.93 16.89 1.24 0.09

MPPCN P 2436 10.83 8.29 1.31 0.12

Taxon average 1.181 0.072

MPPCN R 5038 Flying reptile Thalassodrominae Land predator 10.72 4.19 2.56 0.41

MPPCN R 1434 Flying reptile Ornithocheiroidea indet. Land predator? 10.91 4.14 2.64 0.42

MCT.LE.769 Flying reptile Azhdarchoidea(?) Land predator 50.47 10.55 4,78 0.68

(Continued on the following page)
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TABLE 1 (Continued) Mercury concentrations ([Hg]) in fossil vertebrate specimens ([Hg]Fossil), surrounding concretions ([Hg]Rock), bioaccumulations
([Hg]Sample), and [Hg]sample averages of taxa from the Romualdo Formation in the Araripe Basin of northeastern Brazil.

Sample Group Taxon Trophic functional
group

[Hg]Fossil [Hg]Rock [Hg]Sample log ([Hg]Sample)

Taxon average 2.598 0.522

CL-5

Fish Calamopleurus cylindricus Apex pelagic predator

5.16 10.34 0.50 −0.30

CL-7 6.44 8.81 0.73 −0.14

MPPCN P 5320 26.95 17.74 1.52 0.18

MPPCN P 5319 20.73 13.53 1.53 0.19

CL-1 20.00 11.90 1.68 0.23

MPPCN P 5354 202.16 9.59 21.08 1.32

Taxon average 4.507 0.654

FIGURE 3
Average log[Hg]sample values in the fossil taxa of the Romualdo Formation analyzed in the present study.

(Muto et al., 2014), Batoidea indet. may be correlated with the
modern guitarfish (Zapteryx) (Laurini, 2015; Lopes and Barreto,
2021). The modern analog for N. penalvai would be triggerfishes
(Ballistidae) (Poyato-Ariza et al., 1998) - amostlymarine, eventually
estuarine family, just as pycnodontids and other grazing durophages
of Romualdo paleoenvironments (Nursall, 1996).

Individuals of C. gardneri and C. cylindricus displayed
log[Hg]Sample values greater than 0.12, as expected for higher
levels of the trophic web – occupied by the largest, conical teeth-
bearing fish taxa of the Araripe. The highest log[Hg]Sample values
(−0.30 to 1.32) were observed in specimens of C. cylindricus; these
may have acted as apex predators in the aquatic environments of
the Romualdo, able to feed on whatever fitted into their mouths
(including cannibalizing other C. cylindricus) (Mulder, 2013).
Despite being similar in size and tooth morphology, C. gardneri
would occupy a pelagic ecological niche, feeding much closer to
the surface than C. cylindricus (Lopes and Barreto, 2021). The
observed differences in log[Hg]Sample not only support this ideation

but also imply feeding habits of C. cylindricus could include the
demersal realm. Therefore, ecological differences between these
species would be similar to those observed in pelagic (Thunnus
albacares) and demersal (Thunnus obesus) tuna, which also show
ecologically-related disparities in Hg intake and biomagnification
(Lacerda et al., 2017).

4.3 The role of pterosaurs as
mesopredators and opportunists

Similar to V. comptoni and C. cylindricus, [Hg]Sample values
in pterosaurs varied greatly; specimens attributed to the
Ornithocheirae (ornithocheiraeans) showed very low log[Hg]Sample
(−0.67 and 0.13) values slightly higher than the average
observed for R. buccalis. Representatives of this clade have been
commonly interpreted as highly capable piscivores based on
dental morphology, geochemistry, and digestive tract content
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FIGURE 4
Summary of the Romualdo trophic web based on literature and the log[Hg]sample results of the present study for the following groups or taxa: (1)
phytoplankton; (2) zooplankton; (3) Santanichthys diasii; (4) Rhacolepis buccalis; (5) Tharrhias araripis; (6) Vinctifer comptoni; (7) Neoproscinetes
penalvai; (8) Batoidea indet.; (9) benthic invertebrates; (10) Cladocyclus gardneri; (11) Calamopleurus cylindricus; (12) Ornithocheiriformes; (13)
Thalassodrominae; (14) other terrestrial Tetrapoda. Arrows indicate different feeding habits among the species of the paleotrophic web.

(Bestwick et al., 2018). However, present low bioaccumulation
ratios suggest a foraging habit typical of mesopredators specializing
in small epipelagic species of the Romualdo fish fauna, such
as R. buccalis and S. diasii (Maisey, 1994; Lopes and Barreto,
2021). The presence of an air-sac system, inferred from
their extremely extended skeletal pneumaticity, also indicates
ornithocheiraeans could plunge after their prey (Holgado, 2020)
like modern pelicans (Shoop and Tilson, 2022).

However, it is important to highlight the possible role of vital
effect in our geochemical results, as sampling size of pterosaurs was
quite small; nonetheless the observed value is identical to that for the
undefined ornithocheiroid. Moreover, as in the case of V. comptoni,
we cannot entirely discard the fact that the very low log[Hg]Sample
values were obtained from a juvenile ornithocheiraean individual;
further histological analyses of these lineages (Araújo et al., 2023)
might help elucidate this observation. Chiang et al. (2021) suggested

that the transfer of MeHg between trophic levels could be more
efficient from prey to predators living in aquatic habitats than from
these species to air-breathing vertebrates, even when they fed upon
aquatic species.

Regarding the only specimen that was unambiguously
attributed to the Thalassodrominae, the log[Hg]Sample value
was significantly higher (0.42) than those of ornithocheiraeans.
Thalassodromines were originally suggested to be piscivores with
skim-feeding habits, but later studies proposed these creatures
were terrestrially foraging opportunists because of the robust hind
limbs observed in some thalassodromine specimens (Witton, 2013).
The log[Hg]Sample results herein strengthen this opportunistic diet
hypothesis, since higher ratios would be attainable only through
a combination of varied predatory (small to mid-size prey) and
scavenging behaviors, as suggested for all known thalassodromine
taxa so far (Pêgas et al., 2021).
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5 Conclusion

The findings of this study demonstrate fossils have the
capacity to preserve biomagnified Hg content over geological
time, through a combination of biological binding of Hg to
apatite in vertebrate bones and preservation into diagenesis-
resistant calcareous concretions. Concomitant measurements of
[Hg] in fossils and their concretions is a reliable geochemical
proxy for interpreting paleotrophic webs. Our inferences based on
log[Hg]Sample values, quantified in species of the Aptian–Albian
Romualdo Formation of Brazil, helped reconstruct the trophic
relationships in this paleoenvironment.

Bioaccumulation ratios increased along the Romualdo food web
based on taxon size and diet, as observed from small, filiform-
toothed, small-prey specialist fish to the large, conical-toothed apex-
predator that fed on the former (and many more taxa). In this
scenario, values observed for V. comptoni favor an interpretation of
its feeding habits as a mesopredatory species. Lesser log[Hg]Sample
values observed in some ornithocheiraean pterosaurs indicate they
were also mesopredators, specializing in the smallest fish species of
the assemblage. Molariform fish taxa occupied intermediate levels
in the food web, typically consuming bottom-feeding invertebrates
while being consumed in turn by C. cylindricus, the demersal apex
predator/scavenger of Romualdo aquatic paleoenvironments - right
above C. gardnerii, another powerful pelagic predator of the fauna.
Meanwhile, thalassodromine pterosaurs presented intermediate-to-
high log[Hg]Sample values that place them in a more separate trophic
role when compared to aquatic and water-dependent species: they
were terrestrial generalists that not only preyed on small terrestrial
taxa, but also could have engaged in scavenging remains of both
terrestrial and aquatic taxa.
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